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INTRODUCTION
The extraordinary resistance of the rat to certain drugs,
toxins and in particular to histamine and to anaphylactic shock
is at present a familiar fact. This resistance, however, can
be decreased by removal of the adrenal glands. Lewis (1923)
and fielding and Y/yman (1926) demonstrated that double adrenal-
ectomy increased the sensitivity of the rat to various sub-
stances, such as diphtheria toxin, cobra venom, curare, adren-
alin, etc. Crivellari (1927), Liarraor ston-Gottesman and
Gottesman (1928), Scott (1928), and Wyman (1928) showed that
the same was true for histamine. In 1929 Wyman confirmed the
only other work (Plashmann, 1925) on the increased suscepti-
bility of the rat to anaphylactic shock after the removal of
the adrenal glands. Previous to the relatively recent dis-
closure of the unusual tolerance of the rat to histamine, it
was noted that this substance relaxed the rat uterus, pregnant
or non-pregnant, in contradistinction to its effect on the
uterus in other species. This was first reported by
Guggenheim (1912) and corroborated by Fuhner (1913), Gunn and
Gunn (1914), Longcope (1922), and ivelloway (1930). In anaphy-
lactic shock, however, the findings of Parker and Parker (1924)
and Eelloway (1930) indicated that the response of the rat
uterus was undoubtedly one of contraction, although by no means
as striking or as characteristic as that seen in the guinea
pig. Longcope (1922) made a similar study but obtained only
negative results.

(2)
. Becaijse of the striking similarity of the gross and path-
ological symptoms found in histamine and in anaphylactic shock
(Ivlellainhy, 191d‘- Dale, Laidlaw, 1919) and of the method for in-
fluencing resistance, it seemed advisable to compare again the
responses of the uterus in histam.ine ac d in anaphylactic shock,
in view of the difference in reaction. Reinvestigation of the
norm.al rat uterus promised only further substantiation of the
above results. Nevertheless, it seemed that a study of the
doubly adrenal ectomi zed rat, with and v/ithout cortical tissue,
might produce some evidence to show that this exceptional
behaviour of the rat non-stria ted muscle is not conclusive
proof that the release of histamine is without influence on
the anaphylactic syndrome of the rat as advocated by Kelloway.
HISTORY
Tolerance of the Normal Rat to Drugs and to anaphylaxis. The
work on drug susceptibility in the rat led to the disclosure
of the unique action of histamine in this animal and also
served as a background for the studies of the functions of the
adrenal glands in relation to drug susceptibility, infections,
etc. Lioreover, attention was directed to a possible assoc-
iation of the underlying mechanism in drug reaction v/ith the
comparable situation found in anaphylaxis.
according to the customary expression in the literature
for the last twenty years, the rat has been accorded the

(3)
reputation for "well Imov/n" resistance to drugs, poisons,
toxins and bacterial infections* In fact, this phrase v/as em-
ployed by Gunn in 1912, but no specific source of information
was given. Since this idea has been closely associated with
the more recent findings on rat tolerance both in histamine and
in anaphylactic shock it seemed worthwhile to obtain some in-
formation on the source of this opinion. The material found is
given as an appendix to the present paper, since the drugs dis-
cussed have no direct bearing on the subject at hand, except
that the opinion of Voegtlin and Dyer (1925) that tolerance is
encoiintered only to those drugs which effect the non-striated
muscle of the rat, is in some measure upheld.
The resistance of the rat to histamine presents one of the
more striking and indisputable examples of the phenomenon of
congenital tolerance. This fact was disclosed only compara-
tively recently by the v/ork of Voegtlin and Dyer. Being
surprised to find that the rat could withstand such large
doses, they proceeded to make a study of the resistance of the
rat to drugs. They fovmd that the intravenous Li. L. D. of
histamine was around 900 mgm. per kilogram. Previous to this
work, Longcope in 1922 reported that although intravenous in-
jections of 10 mg to 15 mgm. per 100 gms. in the rat caused
collapse, recovery nevertheless ensued. In one case only
30 mgm. per 100 gpis. caused death. In 1927 Crivellari found
that 500 mgm. to 700 mgm. per kilogram intravenously was fatal.
In 1928 Liarmor ston-Gottesman and Gottesman worked out the
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M. L. D. in tvifo series, one by intraperitoneal and the other by
intravenous injections. By the intraperitoneal route they
foimd that 1600 mgm. per kilo caused death; but they obtained
only one death by intravenous injection, and that with 2000
mgra. per kilo. They attributed their higher figures to the age
of the rats, which was about six months. Because of the ex-
pensiveness of the drug Scott (1928) did not determine the dose
exactly, but he found that intraperitoneal injections of 110
mgm. to 150 mgm. per 100 gms. were not fatal. For the same
reason Vi/yraan ascertained in a series of 15 rats, 1-2 months
old, that recovery would take place after intraperitoneal in-
jections of 100 mgm. per 100 gm. body weight. Rachemann (1951))
states that 125 mgm. rer 100 gras, intraperitoneally produced no
symptoms. In 1929 Sclimldt and Stahelein reviewed the work on
the relative toxicity of histamine for the different species.
Using histamine chlorhydrate intravenously they found that 230
mgm. to 270 mgm. per kilo was fatal for the rat. They believed
that the figures given by Crivellari to be nearer the true
M. L. D. for ergamlne acid phosphate, which was the substance
used by all the other investigators. The following is a list
compiled by Schmidt and Stahelein shov/ing the variation in
susceptibility of several species, judging from the lethal dose
expressed in mgm. per kilogram of animal; guinea pig, 0.30;
rabbit, 1. 0-3.0; pigeon, 1.5; dog, 3.0; mouse, 250.0; rat,
500.0; frog, 1700.0.
Since Gannon (1918, 1919, 1923) advanced the theory that
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the causal agent in traumatic shock may he the liberation from
the injured tissue of iu substance or substances similar to
histamine, it is interesting to note here that Voegtlin and
Dyer were unable to produce traiimatic shock in rats, even
after extensive injury to both hind limbs. This seems to be
the only published work on this subject. V.'yman (unpublished)
has also experimented with traumatization of rats, but the re-
sults so far have proved unsatisfactory.
Between 1903 and 1910 the attention of immunologists was
drawn to the fact that rats were refractory to anaphylaxis,
i^t the Microbiological Conference at Berlin in May, 1910,
Uhlenheuth convincingly affirmed that rats and mice were in-
susceptible to shock as seen from the results of an extensive
investigation of the response of numerous species to a variety
of antigens. This work was carried on in conjunction v/ith
Haendel, V.’eidanz and Steffenhagen. In 1909 Trommsdorf, also
in his laboratory, failed to obtain any positive signs of
shock in rats and mice. In 1910, Galli-Valerio, using M.
rattus, M. decum.anus, and M. musculus also failed. The only
v/ork not in accord with the above findings was that of Arthus
in 1903 and Rosenau and Anderson in 1906* In both instances
the reports merely listed the rat as one of the species in
which they had observed symptoms of shock, no other data being
recorded. With respect to mice, which are frequently very
similar in their reactions to rats, Sachs claimed at this same
meeting that the above generalization did not hold —
-
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Tronunsdorf
,
Preidmann, Prey, and Deorr to the contrary. How-
ever, later in 1913, Sarnoski stated that a fatal outcome could
be obtained in mice by intravenous or intraperitoneal sensi-
tization and injection of the shocking dose by the sam.e route
if huge amounts of antigen were em.ployed, and allowing only
10-12 days for the incubation period.
The work of Novy and de Krulf (1917) on ana ohylatoxin
again directed attention to this question. A non-specific
lethal response was obtained in sensitized rats on the re-
injection of distilled water or antigen greatly diluted v/ith
distilled water. This reaction did not obtain in non-sensi-
tized rats. Experiments with pure egg albumin, horse serum,
beef serum and rabbit serum as antigen, following the custom-
ary procedure were negative. Furthermore, De Kruif found that
the rat was 100 times less susceptible to anaphylatoxin than
the guinea pig; three times as much agar-sol-gel and about ten
times as much peptone were required to effect the rat.
g
On the basis of the foregoing work, Longcope (1922) chosje
the rat for his study on insusceptibility to sensitization and
to anaphylactic shock. He found that the results of the in-
jections of 1.0 cc. test dose of horse serum, 21-44 days after
sensitization by subcutaneous, intravenous, subdural and intra-
peritoneal routes were practically negative and in no case
fatal. However, between the 4th and 9th day after sensitization
the precipitin titre for horse serum was fairly high in contra-
distinction to the condition found in the guinea pig, which is
easily sensitized and shocked. He also was unable to confer
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passive sensitization upon guinea pigs and rabbits v/ith sensi-
tizedirat serum. He concluded therefore, that the formation of
precipitin and anaphylactin were not parallel processes. He
fLUpther stated that as the rat fails to form the latter complex,
it does not behave the same immunologically as do other animals
and is therefore invulnerable to the antigen-antibody reaction
or to "v/hat it is that elicits shock". Longcope’s work on
precipitin formation in the rat was confirrned later by the work
of Spain and Grove in 1925.
In subsequent discussions of Longcope’s paper it v/as
pointed out that his completely negative results may be attrib-
uted to the fact that he did not make any tests for shock with-
in the 21 day Incubation period, (Flashman, 1925). In 1924,
Parker and Parker nursued a similar study of the rat and
claimed that they were >able to procure positive evidence of
anaphylaxis. In a series of 18 cases sensitized to horse serum
and a second series of 28 rats sensitized to sheep serum, they
observed generally slight with some severe symptoms on the re-
injection of the homologous antigen after an interval of 9 to
14 days. Three deaths v/ere recorded for the series in which
sheep serum was employed. Passive sensitization with anti-
horse sheep serum, produced only slight symptom.s. In three
cases they tested for shock by the Dale method and obtained
moderate uterine stimulation in only 2 out of the o tests.
The comment of 2.insser, in his third edition of Infection aid
Resistance, was that the symptoms were mild. Seegal and
•;j'<V f
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IQiorazo (1929) also raade an Interesting observation on the
above work in connection with their problem on the effect of
diet upon the anaphylactic response of the rat, ihey showed
that rats fed on a diet rich in vitamines consistently devel-
oped slight or no symptoms, v/hereas those fed on a diet of
bread and water constantly exhibited definite signs of shock,
although they rarely succumbed. The results were in harmony
with the findings of '.Vedgewood and Grant (1924), who stated
that rats deficient in vitamine B became susceptlblf? to shock.
Seegal ard IGiorazo investigated this point because they be-
lieved that Parker and Parker’s positive results were due to
the above condition, since contemporary reports from the
animal -house indicated that the rats were maintained on a
diet consisting chiefly of bread and water.
Since Parker and Parker were the only ones to achieve
success, their method has been employed by subsequent in-
vestigators. Ebert in 1927 attempted to confirm their re-
sults by the same method. Out of 29 normal sensitized rats
only one showed definite symptoms such as described by
Parker and Parker. Ebert raised the question as to why only
these of all the group of immunologists and others exper-
ienced authorities were able to produce anaphylaxis in the
rat. The answer may be fomd partly in the results of
Seegal and Khorazo, or the follov/ing point brought up by
Schmidt and Stiihelein (1929) may account for this event in
some measure. They found that the rat, being extremely
4
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resistant, required unusually large amounts of antigen for
sensitization and shock. In relation to the earlier dispute
on the response of mice to anaphylaxis they stated that the
same held true for the latter, but that mice were more easily
shocked than rats. Wyman (1929) obtained only slight or mod-
erate symptoms in 19 cases out of a series of 29 normal rats.
The remaining 10 rats showed no effects of the test dose. In
1930 Kelloway took up the question of the relation of
histamine to anaphylaxis by making a study of the smooth
muscle reaction of the rat. He also found that the rat was
comparatively Insensitive to this phenomenon by active sensi-
tization. Furthermore, he obtained only two positive
responses out of 15 tested. With passive sensitization, the
uterine tests regularly indicated a positive reaction although
the rats (Intact) were apparently only irregularly reactive.
The failures of Friedberger and Seidenhanz (1911), Opie
’ (1924) and Kordraan (1931) to obtain the iirthus phenomenon
should be mentioned to complete this account on the resistance
of the rat to anaphylaxis. To summarize the results reported,
one may conclude that the rat has been found to be consistent-
ly insensitive, judging from outward manifestations. This may
Include the work of Parker and Parker if one takes into con-
sideration the opinion of Zinsser. Their detailed search for
and study of symptoms, in conjunction with the findings of
Kelloway, indicate that this phenomenon takes place in the
rat 'ut is ineffective in producing constant, pronounced.
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outward manifestations » There is undoubtedly a wide individ-
ual variation in sensitivity, which they noted in older rats,
and which may have, along with other factors as diet, age,
technique, dosage, contributed some reason for the total
failure of others to find any indications of anaphylaxis*
Susceptibility of the rat after double adrenalectomy . Adrenal
physiology received an appreciable impetus from the work of
Lewis in 1920-1923 on the increased susceptibility of the rat
to poisons and drugs after double adrenalectomy. This partic-
ular aspect of the field had been almost neglected up to this
time, althoue^ latter part of the nineteenth century
French and Italian physiologists had given it considerable
attention. Recent authorities generally claim that the vast
amount of early work led only to contradiction and confusion.
From a survey’’ of this literature Lev/is decided that the sub-
ject could well be reinvestigated and amplified by a more
methodical study with adequate controls.
The study of adrenal extirpation in rats was in progress
by 1856 according to the reference of ^rtundo (1927) to
Phillieaux (1856) and Harley (1859) v;ho demonstrated that
rats could survive such operations. In 1895 Bolnet made a
similar communication, and in 1896 and 1897 he demonstrated
that the toxic effects of m.uscle extracts, ouabain and neurine
were greatly Increased for rats from which the adrenals had
been excised, ligated or cauterized vd. th silver nitrate,
iodine, or ferric chloride. Langlois and Charrin (1896)
(i
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published a paper of a similar nature. Later, Schwarz (1910)
and Kahn and Starkenstein (1911) found the same to be true for
adrenalin. In 1921 Lewis confirmed this finding and also de-
termined that the adrenal ectomized rat was more susceptible to
atropin, veratrin, digitoxin, cobra venom, and curare. Of the
convulsant poisons, nicrotoxin and strychnine, he observed no
alteration in toxicity. In 1923 he added to the list insulin,
papaverine and codeine. In 1921 he pointed out that 1/400
Ivi. L. D. of morphine for the normal rat caused death in some
recently adrenalectomized animals. This observation precipi-
tated a long lasting dispute v/ith Rogoff and associates (1925,
1927) who were unable to cbnfirm his results in their test on
three or four rats. Lewis reneat ed his work on morphine in
1923, and again later in 1926 in conjunction v;ith Torino.
They found that 0.04 mgm. per gram of the chlorhydrate was
fatal to rats up to two weeks after opteration whereas the
M. L. D. for normal rats was at least 0.4 mgm. ner gram body
weight. Moreover, this difference gradually diminished
according to the length of time which had elapsed between op-
eration and injection, which they attributed to the develop-
ment of accessory cortical tissue. In 1923 Scott had also
demonstrated that after adrenalectomy three-fifths to one-
tenth of the lu. L. D. of m.orphlne for nomal rats was fatal
a large percentage of cases.
In 1926 Grlvellari found that effect of operation de-
creased the lethal dose of acetonltril from 5.0 mgm. per gm.
I’
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to 0.05 mgm. per gm. (normal toxic dose of 5.0 mgm. per gm.
confirmed by Himt and Seidel); of cyanide, from 11.0 mgm. to
8.0 mgm. per kilogram; of nicotine, from 27.5 mgm. to 17.5
mgm. per kilogram; and of histamine, from 500 mgm. to 40 mgm.
per kilogram. This latter example, along with Voegtlin and
Dyer's previous communication on the resistance of the rat to
histamine and the increasing interest in the ph^^siological
importance of this substance, stimulated Scott (1928), V/yman
(1928) and Marmorston-Gottesman and Gottesman (1928) to
further study of the relative role of adrenal cortex and
medulla in combating histamine shock. In so doing thej^ estab-
lished and confirmed the magnitude of the toxic dose for
normal rats and the marked increase in toxicity after double
adrenalect omy
.
Other investigators took up the study along the lines of
bacterial infection and intoxication. Scott (1924) observed
that an injection of a given amount of killed streptococci
which induced only slight symptoms in normals was 100^^ fatal
to adrenalectomized rats in seven hours. Subsequent work by
Jaffe and Marine (1924), Jaffe (1926) and Molinelll (1926)
confirmed Scott. With respect to diphtheria toxin, Lewis
(1925) found that 100 M. L. D.s for the guinea pig was fatal
for the adrenalectomized rat, but Beldlng and Wyman (1926)
estimated that the normal rat was only 2-|- times as resistant
as the operated animal. These findings confirmed the earlier
clalins of Oppenhein and Loepe (1901) and Lusena (1902).
Recently Steinbach (19,^) has been able to confer both avian
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and bovine tuberculosis on rats by removal of the adrenals.
Such animals, however, are immune to the human strain.
Very little work has been done on the increased suscepti-
bility of rats to anaphylaxis after such operations. Kepinow
(1922), in his experiments of this nature on guinea pigs, ob-
tained results which supported such an assumption. In 1925
Flashraann extended the v/ork to rats. Despite the difficulties
arising from respirator^’- infections and operative technique,
he was able to secure a. limited series of significant results.
A comparison of the adrenalectomized with that of the norrr.al
rat shov/ed that in the former the manifestations of shock were
more severe and in some cases unquestionably fatal. V/yinan
(1929) met with better success, formal rats exhibited only
slight or no symptoms. Loderate to fatal effects were en-
countered in at least 65 percent of the operated rats which
had been sensitized prior to or subsequent to extirpation of
the glands. In rats having accessory cortical, but no demon-
strable chromaffin tissue the mortality and severity of the
reaction ran equally high.
Althou£^ there seems to be no other reference in the
literature to this type of diminished resistance in the rat,
the observations are confirmatory of and in harmony with the
facts just reviewed on altered drug toxicity after adrenal-
ectomy and the change in resistance in anaphylaxis and drugs
from dietary deficiencies. The peculiarities of the rat,
just surveyed, namely the natural resistance to drugs, esp-
c
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ecially histamine, and to anaphylaxis, together with the de-
crease in tolerance in general after removal of the adrenals
has not only stimulated physiological interest in the func-
tions of the glands but also in the cause or mechanism of
anaphyslactic shock.
The possible role of histamine in anaphylactic shock . Before
reviewing the subject of the possible role of histamine in
anaphylaxis it seems advisable to recall the fundamental
characteristics of this phenomenon.
The term ’anaphylaxis* is restricted to a particular type
of hypersensitivity, a condition in v/hich the reinjection of a
previously liarmless, soluble, antigenic protein after a suit-
able lapse of time incurs a profound physiological disturbance,
/
the manifestations of which are the same regardless of the
nature of the antigen used, but peculiar to the species of the
reacting animal. In defining a condition as anaphylactic, the
consensus of opinion adheres to the criteria outlined by V/ells
(1922) with some slight modifications. They are as follows:
1. The observed toxicity of the injected soluble protein
material must depend upon the development of immunity of the
animal and should not produce s:Mmilar symptoms on the first
injection.
2. The symptoms must be the same for any antigen used but
must differ characteristically with the various species of
animal
.
3. It should be possible to demonstrate passive sensi-
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tization*
4. It should be possible to demonstrate contraction of
the isolated non-striated muscle.
5. It should be possible to demonstrate desensitization.
The sudden pronounced fall in rectal temperature dis-
covered by Pfeiffer, and the lowered coagubllity of the blood,
pointed out by Frledberger, are considered by some as essen-
tial diagnostic features. Wells also adds that the exclusion
of the possibility of embolism and thrombosis as v;ell as the
use of atropin and adrenalin to alleviate the symptoms, are
important points to be taken into account.
Other forms of hypersensitivity, e. g. , to drugs,
physical agents, poisons, etc., which closely resemble ana-
phylaxis but do not fulfill all the above requirements, are
classified as allergic phenomena. Because of the close
resemblance of these conditions, the probability of a simi-
lar underlying mechanism has been emphasized by many author-
ities, but as yet there is no conclusive evidence on this
matter.
With the rapid advancement in the understanding of this
phenomenon, especially by the well-lmov;n experiments of
Schultz, Dale, ^.lanv/aring, Pearce, Eisenbrey, Coca, .,'ell,
etc., one vital point has been indisputably established,
namely that the site of the reaction is primarily a cellular
one and not as was originally supposed v;ithln the blood
stream. Consequently the anaphylatoxin theory of Priedberger
and the modifications or elaborations of it by Vaughn,
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Jobling and Peterson, has been found inadequate as an explan-
ation, chiefly on the grounds that the readily produced toxic-
ity of the blood v/hich they showed to occur throiigh protein
digestion by the action of antigen, antibody and complement,
enzymes, or numerous inert, non-specific substances, would in-
volve not only the narticipation of complement, and a humoral
site for the reaction, but offered no reason for the stimti-
lation of excised smooth muscle, the time requirem^ent for
passive sensitization, and the inhibiting influence of circu-
lating antibodies. In fact, Wells lists thirteen objections
to this theory, but he states;
The fact that slight disturbances in the equilibrium
of plasmia colloids renders them highly toxic is an out-
standing fact, and it becomes easily understandable that
a similar alteration in colloid equilibrium within the
cell protoplasm may produce equally profound intoxi-
cation of the cell, so that a-{ present there is a growing
tendency to seek an explanation of anaphylaxis in the
domain of colloidal chemistry.
Zinsser in discussing this subject calls attention to
some exceptions to the above objections to the anaphylatoxin
theory, based on experiments by reliable observers- La haire,
Friedmann, Riche t, Biedl and i^raus
,
Brest, Curd and Scott.
Profound shock, resembling anaphylaxis in every way, was
produced by the simultaneous injections of antigen and anti-
body into the blood stream or som.e analogous procedure.
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Hence, Zinsser concluded that under certain special conditions
the meeting of antigen and antibody in the blood stream, m.ay
cause injury, and m.ay account for iiie Arthus and anaphylactoid
phenomena.
On the basis of the classical smooth muscle experiments
of Schultz (1910) and Dale (1912), Wells correl^ated the out-
standing syrriptoras displayed by different animals with the
variations in the distribution of non-striated muscle. The
bronchiospasm of the guinea pig, the pulmonary, arterial con-
striction of the rabbit, and the gastro-intestinal disturb-
ances of the dog are as typical for these species as is the
comparative predominance of the smooth muscle fibres found in
these respective situations, locating the basic disturbance in
or on this tissue. On the other hand, in all species the fall
in blood pressure and accomipanying oedema is regarded as a
constant, primary lesion. This latter manifestation of shock
clearly involves an alteration of the re ticulo-endothelium,
particularly in the direction of an increased capillary per-
m.eabllity. It merits particular concern as the fundam.ental
change responsible for the shock syndrome, especially in the
dog and in the rat. I.ian^r recent experim.ents have been de-
vised to lend support to the opinion that this is the dom.i-
nant factor, whether it is the site of the primary reaction
or only the m.ajor injur^^ resulting from the liberation of
toxic substances from, the mieeting of antigen and cellular
antibody elsev/here. This contention is based upon the fact
that Vanucci (1924) and Gay and Clark (1924) demonstrated
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that by blocking the endothelial cells with trypan blue anti-
body formation Y/as inhibited. Many others have since worked
along the same line and claim that such substances as India
ink, Congo red, iron oxide, saccharose, and bacteria also pro-
tect against shock. (Peterson and Levison, 1923; Lloldovan and
Zolog, 1923; ICLinge 1927; Ehmer and Hammers chjnidt, 1928;
Kikolaeff and Goldberg, 1930; Haendel, 1930), It is interest-
ing to note that the course of peptone and histamine shock is
also similarly altered, (Haendel, 1930; Lloldovan and Zolog,
1923). But the strongest evidence for the involvement of the
reticulo-endothelial system, in anaphylaxis is derived from the
experiments of Kanv/aring (1923), who maintains that the cru-
cial feature of shock lies in the increased permeability of
the capillaries, all other reactions being secondary. On
perfusion of sensitized Isolated dog lung with saline contain-
ing antigen (horse serum) he obtained a 75^ reduction :ji the
rate of perfusion flow, a non-collapse of the lung and an un-
mistakable escape of the fluid into the tissues. He has also
shown that on removal of the liver from a sensitized dog the
injection of antigen failed to elicit any signs of shock but,
if a sensitized liver ’.vere transplanted into a normal dog, all
the signs of shock developed on the Injection of antigen.
Furthermore, Manv/aring and his associates (1917-1923) have
shown that the liver undoubtedly acts on antigen, for per-
fusion of antigen through the liver of a sensitized guinea pig
lost its toxicity for sensitized guinea pig lung. Such did
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not occur with normal liver perfusion. In this connection
Pall (1918) stated that larger doses of antigen were needed
to produce shock when injected into the portal vein than into
the jugular. Weil also found that the release of anti-coag-
ulant substances was dependent upon the perfusion of antigen
through the sensitized liver, presumably due to cell injury
as is the case v/ith poisons. Likewise, the ^^.rthus phenomenon
and skin reactions of m.an are definitely indicative of vas-
cular injury, another feature, the increased flow and protein
concentration of the thoracic lymph (Peterson and Levison,
1923) is the direct outcome of an increased capillary permiea-
bility.
Nevertheless, despite all this evidence in support of
Manwaring’s view in which he postulates that the altered per-
mieability of the canillaries
,
owing to the liberation of a
toxic, depressor substance by the liver, is the dominant
physiological change in anaphylaxis, the objections have yet
to be overcom-e that it does not adequately account for the
local anaphylactic reactions and for the experiments with
isolated organs. Prom the report of Dragstedt and Gebauer-
Peulnegg at the Pederation of Am.erican Societies for Experi-
m.ental Biology, Philadelphia, 1932, it seemed that these
difficulties may be met in some measure, as they v/ere able to
prove the presence of a depressor substance in the blood from
the vena cava and in the thoracic lymph which activated the
isolated guinea pig uterus. Since then they have been able
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to report that this substance can be isolated in fairly pure
form, though not in pure crystalline form. It has been tested
chemically and physiologically, and so far the results show
that it consistently conforms to the reactions produced by
histamine. Practically, all that remains to be done is to
ascertain the molecular constitution, which demands a larger
quantity of the material than they have been able to obtain.
The work is still in progress.
The symptoms of anaphylaxis, the conditions stressed by
i-ianwaring, and the reactions of this latest "hypothetical"
material strongly suggest that the identity of this toxic
agent may be histamine or the H-substance suggested by Sir
Thomas Lewis (1927) from his studies on hum.an allergy. In any
case, if the Dragstedt, Gebauer-Peulnegg substance can be
proven to be a specific, demonstrable entity, in the dog as
well as in other species, then one of the greatest objections
to the theory that histam.ine or a like substance plays a role
in anaphylaxis v;ill have been overcome.
From the foregoing survey it is easily seen that, des-
pite the periodic criticism and rejection of the suggestion
concerning the participation of a toxic substance in anaphy-
laxis, such an idea continues to insinuate itself into the
picture as more light is throv/n upon the probable significance
of histamine in physiological processes.
Histamine v;as first isolated by Yoshim.ura in 1909 from
putrid soy beans. In 1910 Barger and Dale isolated and iden-
tified it in ergot. From their earlier observations of its
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pharmacological effects they cabled attention to the possible
association of histamine or a similar substance v/ith anaphy-
laxis. In 1911 Barger and Dale were the first to isolate it
from an animal source, the intestinal mucosa of the guinea
pig, and in 1912 Dale and Laidlav/ demonstrated the similarity
of these two responses on the surviving uterine strip of the
guinea pig. In 1919 ^bel and Kubota determined its presence
in the extract of the posterior lobe of the pituitary and
attributed the oxytocic action of this material to the
presence of histamine, ns a result a dispute ensued v;lth
Hanke and Koesler (1920-1924), Dudley, Dale and others, not
only on this specific function of the posterior lobe, but
chiefly on the question of the absolute amount of histamine
present in fresh, uncontaminated tissue and the effective-
ness of such concentrations. In connection with this contro-
versy, although i-ibel and I.:acht (1919) and Adler (1918) showed
that there was some slight activation of the uterine strip of
the mouse in vei'y low concentrations, and that the rat smooth
muscle behaved similarly but more faintly (Abel, 1919), the
oust oraary reaction obtained to moderate amounts was one of
relaxation, as earlier reports had shown (Guggenheim, 1912;
Fuhner, 1915). This fact assujned considerable diagnostic im-
portance in determining the presence of the amine. Without
further consideration of this point iibel advanced the theory
that the formation of histamine was the most probable ex-
planation of the cause of anaphylactic, peptone, ard hlsta-
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mine shock as well as intestinal obstruction, because of the
parallelism seen in the clinical syndromes of these con-
ditions and the possibility that such a substance might be
easily and explosively liberated from the tissue proteins in
general. But it was not until 1927 that Best, Dudley, Dale
and Thorpe proved conclusively that histamine was a constit-
uent of perfectly fresh normal tissue, a derivative of histi-
din, which is in turn an amino acid component of every known
complete protein.
Prior to this latter contribution. Dale and Laidlaw
(1919) again called attention to the resemblance of histamine
shock to anaphylactic shock, in that both caused the con-
traction of smooth muscle, esoecially st5.mulation of the ex-
cised guinea pig uterine strip, a peripheral dilatation of
the capillaries and fall of the blood pressure, and the
cutaneous reactions seen in man. They favored, hov/ever, an
explanation based on the assumption of a protoplasmic
colloidal disturbance rather than the forinatlon of "anaphy-
latoxlns". In the Second Herter Lecture (1920) Dale felt it
necessary to reiterate that he had not expressed the idea
that histamine was the cause of shock, as others had so mis-
interpreted his paper in 1919, but stated that he thought it
possible that the liberation of histamine or other substances
has an indirect effect in shock, and more particularly in
traunatic shock.
Smith (1920) opposed the histamine idea for several
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reasons based on his study of a comparison of histamine shock
v/ith anaphylaxis. The points of difference were, namely:
that in guinea pigs and rabbits desensitization was not ob-
tainable v/ith histamine, and that the desensitized surviving
muscle responded characteristically to the drug; that the fall
in temperature and the decreased coagulility of the blood did
not occur on injection of histamine; and that quinine aug-
mented anaphylactic shock, but failed to do likewise in hista-
mine shock. Except for the difference in the reaction of the
rat uterus to both conditions, these four points are widely
accepted as fairly conclusive evidence, although conflicting
reports can be found on the matter of the fall in tem.perature
and the lessened coagupility of the blood, depending upon the
species under observation. In regard to quinine augmentation,
nothing further seems to have been done, but according to
pharmacological data on this drug it seems to be well estab-
lished that quinine may accelerate biological processes in
small doses, but certainly acts as a protoplasmic poison in
larger quantities.
In 1921 hanwaring reasserted his nrevlous opinion based
on observations of dehepatectomlzed dogs, namely that the lib-
eration of a depressor substance from the liver as a secondary
process was the dominant contributing factor in the clinical
m.anlfestations of shock -- the initial, fundamental physio-
logical mechanism not being identical in anaphylactic, hista-
mine or peptone shock. The sudden fall of temperature ob-
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served during shock did not occur in rabbits, although a grad-
ual decline v/as observed during the experiments, undoubtedly
due to operative procedures. In other species, as the dog,
cat and guinea pig. Best (19ol) has pointed out that others
had obtained a drop in temperature after the injections of
histamine. As for the change in coagulation time. Bally (1929)
found that 15 rabbits out of a series of 19, showed an average
decrease of 5 minutes and 20 seconds. Nevertheless, he con-
cluded that anaphylactic shock could not be ascribed to a
sudden development of either substance (peptone or hista-
mine )
.
In 1950 Kelloway also Investigated this theory from the
standpoint of the rat uterine response, as the inhibiting
effect of histamine had been well established, and as the
only reports on the anaphylactic response of the uterus ’.vere
those of Parker and Parker (5 cases) and Longcope's negative
results. Confirming the above workers, he found that the
reaction was hard to obtain and in no way as decisive as
that of other animals. By passive sensitisation he found
that he could elicit a fairly constant, mild response from,
the uterus, and he considered the evidence sufficient to
indicate that histamine played no role in anaphylaxis in the
rat, and was certainly not associated with the anaphylactic
stimulation of the smooth muscle. Yet the fact that there
are a few sporadic reports in v/hich one may find that a
slight stimulation of the rat uterus has been obtained v/ith
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very small doses of histamine, indicates that there is not
sufficient information on this subject. Katz, in the labor-
atory of Peldberg and Schilf (1929) also obtained a slight
increase in the tone of the rat uterus, as did Abel and
Macht (1919). Best, Dale, Dudley and Thorpe also reported
that they had seen this same effect in a few instances when
using one of their crude preparations. It is important to
note that the rat uterus is considered generally to be rather
insensitive to histamine, and that the response varies in
degree. Voegtlin and Dyer (1925) determined that histamine
in a dilution of 1:3,000,000 gave a definite picture of in-
hibition but subsequent workers have not been able to obtain
this result with the same dilution. There is no question
but that in moderate doses histamine is inhibitory. Abel
has also pointed out that even in the guinea pig the uterus
m.ay be inhibited by large doses such as have been used on
the rat and the mouse (Cow, 1919; Longcope, 1922), which are
plainly paralyzing amounts.
On the other hand, an equally strong argument for the
histamine theory lias been presented by Kendall (1930) based
on a study of the reaction of the suir'viving intestinal
strips from sensitized guinea pigs. The addition of homo-
logous antigen in fractionated doses to a fresh bath each
time incited a contraction, the series of shortenings
showing a gradual diminution in magnitude. If the previous
stimulus was not washed out by renewal of the Tyrode ’
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solution, about ten times the original amount of antigen v/as
required to elicit another or a further contraction. The
stimulating influence of histamine acted in the same manner,
but the response for a given concentration was always the
same in normal, sensitized, or desensitized muscle. Large
doses produced contracture, resembling the curve obtained
with maximal amounts of antigen. In both cases the muscle
could be brought back to a normal condition by washing out
the source of stimulus. In addition, Kendall observed a lag
before the uterus reacted to antigen; but to histamine it
responded instantaneously. Kendall maintains that the above
reactions are only explicable if the first step in anaphy-
lactically induced contractions be due to protein cleavage
follov/ed by a liberation of a powerful smooth muscle con-
tra ctant. The gradual exhaustion of antibody accounts for
desensitization as well as for submaximal contractions. Con-
sequently the argument against liiis theory on the grounds that
desensitization does not occur in histamine shock he regards
as poor logic.
In 1929 Dale again suimnarized the situation in his
Croonlan lectures. His opinion is that histamine or a sim,l-
lar substance is liberated as a secondary process in anaphj^-
laxis together with other possible end-products. To these
latter substances one could easily attribute the slight dis-
crepancies between histamine and anaphylactic shock as ex-
hibited by different species, i^ccording to Best and LcIIenry
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{1951), such an explanation satisfactorily fits the known facts
but absolute proof still depends upon the development of a sen
sitive method for the estimation of histamine in the blood.
In addition to the work outlined above correlating^ the
physiological reactions of animals in histamine and in anaph""-
lactic shock, the study of human allergic phenomena has con-
tributed many points which lend credence to this theory. The
exact correspondence between an injection of histamine into the
skin and the triple response obtained from allergic patients
seemed to Lewis (1927) a striking Illustration of the identity
of the two, but due to lack of adequate and quantitative chem-
ical proof he could not m.ake any positive assertion that hist-
amine liberation is the basis of allergic and asthmatic con-
ditions. Yet since it has been foui.d that so many unrelated
agents such as heat, cold, pollen, foods, etc., produce a
definite, identical syndrome in humans, it is difficult to
discard such an hypothesis. *i.llergic patients have been found
to be more sensitive to histamine than normals. Harris (1927)
obtained an alcoholic extract of the skin which yielded a de-
pressor substance very much like histamine. I^alk (1929) has
shown that in dermographic patients he could obtain an increase
in the acidity of the gastric juice by proper stimulation of
the skin. The increase in the acidity of the gastric juice
upon small injections of the amine is one of the m.ore recent
and delicate tests for this substance. ^iCcording to Rachemann
(1951) everything that is known about allergy tends to sub-
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stantiate the ideas of Lewis.
In conclusion, the correspondence in susceptibility of
the various species to histamine and to anaphylactic shock
(Schmidt and Stahelein, 1929), is strongly suggestive of some
interrelation between the two conditions. Those species which
are very difficult to sensitize and shock are equally insus-
centible to the histamine. *-i.lterat ion of the susceptibility
by diet or double adrenalectomy to one of the conditions also
produces an identical change in the tolerance to the other.
(Seegal and Khorazo, 19ol, Y/yman, 1928). Hence, with the
similarity of the physiological reactions in mind, and con-
sidering the above correspondence in natural and altered. re-
sistance to histamine and anaphylactic shock, the parallelism
between the two seems unusually complete.
LIETHODS
Colony management . The animals used in the following experi-
m.ents were young, mati-ire (2^-6 months old), virgin rats, bred
in this laboratory from a mixed stock of colored varieties of
the albino rat h. norvegicus
,
originally obtained from the
Bussey Institution of Harvard University. They received a
varied and ample diet consisting of seed mixture, bread and
milk, dog biscuit, and a balanced standard mash mixture.
) Fresh greens and cheese were supplied occasionally. YVarm.th,
cleanliness, and rryness were maintained as well. Hot more
than tlii’ee rats were housed in the same cage to avoid crowding
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but isolation was found to be unnecessa:!:y even for the oper-
ated animals.
Operation . The adrenal glands v/ere removed under ether anes-
thesia from tv/o lateral apertures made in the dorsal muscles
by blunt dissection just belov/ the "'evcl of the last rib,
according to a standard method (see V/yman, 1926) about one to
two weeks prior to the course of sensitization. At the end
of that period the animals had completely recovered from what
little ooerative trauma had occurred, and had developed som.e
degree of adrenal insufficiency.
To obtain growing, functional, autoulastic cortical
transplants, but no demonstrable chrom.aff:in tissue, the
glands immediately on removal were bisected and Inserted into
four superficial poclrets in the LI. obliquus abdominis exter-
nus, according to the method of Jaffe and Plavska (1926).
This operation was performed 6 to 12 weeks before sensiti-
zation in order to insure a sufficient am.ount of established
transplanted tissue. Since the above method, required assist-
ance, one or two transplants \/ere made in the dorsal muscles
near the incision, in a few cases only.
Sensitization . The course of sensitization consisted of 6
daily intraperl toneal Injections, or b on alternate days, of
0.5 cc. to 1.0 cc. of horse serum. The test dose was admin-
istered 9 to 14 days later. This procedure v/as found to be
the most satisfactory by Parker and Parker and by V.'yman. A
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fev/ preliminary experiments were carried out varying the
number and amount of inoculations and the length of the in-
cubation period, but no appreciable increase in sensitivity
v;as produced. Accordingly the above plan of treatment was
generally adhered to in all experiments for the study of
anaphylactic shock to horse serum,
A small series of experiments were performed using crys-
tallin egg albumin for comparison with the horse serirni series.
Passive sensitization was conferred by intraperitoneal in-
jections of 1.0 cc, of a high titre an t5 -ovalbumin rabbit
serum, 5 to 4 days prior to the shocking dose. The antigen
and serum for these experiments were kindly furnished by
Dr. S. B. Hooker of the Evans Liemorial from a very limited
supply.
In vitro experiments . The Schultz- Dale method w'as em-ployed
for the study of the reaction of the rat smooth muscle to hist-
amine and in anaphylactic shock. The set-up of the apparatus
was of the simple classroom type, except for a constant tem-
perature bath which was available fcr most of the w'ork. The
muscle, attached by a fine thread to an L- shaped tube, which
delivered oxygen from the tank through a small aperatvire at
the elbow, was immersed in 200 cc. of Ringer-Locke solution at
37.5^0. The solution was contained in a large test tube of
such dimensions that the muscle was adequately covered, and
interference with the tissue from the stream of oxygen, and
from the insertion of the thermom.eter and pipette for in-
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jections, was avoided. Tlie bath solution could be v/ashed out
and replenished by hydrostatic pressiire through a two-way out-
let at the base of the test-tube connecting with drain and
with a reservoir hept at the same temperature. The upper end
of the muscle was attached by silk to a light heart lever for
recording the myograph on a moving smoked drum.
For convenience only one horn of the uterus was used,
which was obtained as rapidly as possible after killing the
animal by a blow on the head and exsanguination. The abdomen
was opened by a m.edian longitudinal incision. One horn was
freed from the surrounding fat and broad ligament. Pine silk
threads were tied 'directly beneath the ovary and arou’- d the
base of the horn as close to the bifirrcation as nossible. In
this way the full length obtained eliminated any source of error
resulting from the use of different segiionts of the horn with
different activity gradients. The lower end of the strip w^as
tied to the glass rod, out free from the vagina, and. the horn
with the ovary attached was placed immediately in the bath.
In vivo experiments. The usual m*ethod for obtaining a graphic
record of the uterus has been to pin down a given segment to a
bit of cork fastened in some way to the body v/all, aril to
connect leads from various points of the attached sections to
light heart levers for recording. Knaus flooded the abdomen
with warm physiological solution, i^nother schemie r'st with
in the literature was to submerge the entire body of the rat
in Ringer's solution and oroceed according to the Dale method.
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The former method described presented many difficulties, name-
ly, constant exposure of the organs, im.perfect maintenance of
the body temperature as well as that of the solution, insuf-
ficient excursion of the lever. Interference of the intestines,
and last but not least, pinning dov^n of the segment and im.per-
manence of the cork support.
After a few attempts to use or modify the above method, it
was found more satisfactory to allow the horns of the uterus
free play and to take off a lead from the thin strand of
connective tissue found at the base of the bifurcation. In
this way, waves of contraction passed down the herns under the
thread. Recent studies have shonn that the waves of contract-
ion are initiated at the ovarian end txid pass dovm the horns,
the completeness of conduction and the initiation of extra con-
tractions at other levels for the most part depend on the period
of the oestrus cycle. The rat lias been found to be rather more
regular in this respect than other animals (Ivnaus and Clark,
1925; Blair, 1922; Harne, 1952). The rigidity of connections of
the vagina and body of the uterus to surrounding structures did
not allov/ any undue stretching or pulling of the organ outside
of the body cavity, .although it was not absolutely necessary,
a precaution was taken to keep the intestines from pressing on
or moving upon the mialn portions of the uterine horns by
slipping a small celluloid trough under them. This trough
v/as shaped from a flat piece of the celluloid with the aid of
hot v;ater so as to have walls high enough to prevent the
intestines from working over the edge, a smooth rolled lip
poi ^ %c:ik^q^f4i^c> ty:M
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upon which the broad ligament rested v/ithout blocking the
circulation or cutting the tissue, and a convex, triangular
base which fitted securely over the dorsal wall of the ab-
domen and colon* after slipping the trough under the horns
and tying the silk thread to the connective tissue at the
bifurcation, the incision v/as sewed up except for a distance
of about 1 cm. through which the thread passed up to the
heart lever. The edges of this opening were held apart by a
small Y/ire retractor, so that the string was suspended ab-
solutely free.
The operation was performed under urethane anesthesia as
a routine, although a few control operations were done under
ether. The femoral or external jugular vein was exposed for
injections either by hyperdermic syringe or by cannula. The
carotid artery was exposed, cannulated, and connected with a
mercury nanometer for the series in v/hich blood pressure deter-
minations were recorded (in regard to technique and apparatus,
see V^yman and turn Suden, 1952) The pneumograph record was
obtained by catching up a few liairs on the most movable part
of the thorax in a heart-clip attached by a silk thread to
another heart lever. Time v;as recorded in 5 second intervals
by means of signal magnet actuated by an electric interrupter.
All levers were arranged to v/rite simultaneously on a smoked
drum. Ten mgtii. of heparin were injected intravenously to
prevent clotting. (Hynson, hestcott, and Dunning Co.)
Ergamine acid phosphate (Burroughs '.Vellcome 6? Go.) was used
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for the histamine experiments.
RESULTS
Uterine reactions to histamine in vitro . A series of tests
on the effect of various dilutions of histamine on the sur-
viving uterus of the normal rat was chosen as a starting
point for the present problem, not merely as a check on the
past work but as a means for developing a standard technique
for the bath method and for ascerta lnlr*g the inherent char-
acteristics of the material used. The first point is essen-
tial for such studies employing the usual simple set-up for
bath experiments in order to maintain constant conditions in
the matter of temperature, rate of oxygenation, lever tension,
speed in obtaining tlie specimen and the least possible dis-
turbance of the tissue on renewing the bath from one test to
another. In the very elaborate apparatus which m^ny recent
workers have designed and used to insure the greatest possible
accuracy, these physical conditions are controlled to a fine
degree. Even so, the indi\d.dual variation and irregularity of
the normal activity appears as a definite characteristic of
non-strlated muscle.
In particular, the rat uterus has been said to be more
variable and insensitive than the uteri from other species,
namely the rabbit and guinea pig. Follov/ing the admonitions
of Parker and Parker (1924) the first series of experiments
v/as done on rats weighing from 50 to 80 gra. The authors
claimed that uteri from rats of over 100 gm. were untrust-
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worthy due to an increase in the frequency of erratic beats*,
‘rhey also observed t>mt the limit of contractility and sensi-
tivity of the rat smooth muscle Vv'as not as great as that of
the guinea pig, v/hich is readily recognized from the curves
published in their paper. They also pointed out that in order
to obtain the five recorded cases numerous prelim.inary tests
v/ere made, as so little v;ork of this nature had been done on
the rat.
The present work also involved a considerable number of
preliminary experiments. Using Tyrodes solution and the
uterine strips from young, imm.ature rats, the rhythm and
activity obtained in the more satisfactory cases was neither
vigorous nor especially regular. Considerable variation in
tonus was also noted in this group. However, in moderate
dose histamine produced some degree of inhibition of the
normal activity.
ii fe\7 attempts were made to ascertain the effect of very
dilute amounts of histamine on the rat uterus, since a few
previous reports claim.ed that under these conditions the
action of histamine was reversed. The tests v/ere far from
satisfactory because the responses were so slight that it
v/as difficult to see sufficient departure from the normal
curves to be sure of the action of tlie drug. Yet in three
cases showing a slight, definite increase in tonus after
histamine in concentrations of 1 : 1
,
000,000 to 1 : 5
,
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,
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,
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attributed to the effect of the drug.
Furthermore, the instances in which histamine in concen-
trations up to 1:500,000 produced no appreciable change in the
record complicate the interpretation of the results. Three
such cases are included in the series reported because they
undoubtedly illustrated a natural unresponsive ness of the
specimen. On examining the reactions of six other rat uteri
to the same doses of histamine it was obvious that there was
a varying degree of insensitivity to the drug. Unquestion-
able depression of the spontaneous activity was exhibited in
all six experiments, but the response was not great in com-
parison v;ith subsequent tests. Moreover, the effective
dilutions varied from 1:1,000,000 to 1:300,000. The mani-
festations of depression such as a slight drop in tonus, a
moderate decrease in rate for 2 to 8 minutes, a slight re-
duction in amplitude or, in the most frank examples, an
arrest of all activity from 1 to 3 minutes, did not consist-
ently correlate v/ith the concentration. The cases B-14 and
B-1, uterine strips from rats of approximately the same age
and v/eight, showed a decided difference in reactivity.
_
In
the case of B-14, a dilution of 1:300,000 produced only a
slight increase in the relaxation period between 2-3 con-
secutive contractions, whereas in the case of B-1 a dil-
uation of 1:500,000 of the same solution tested a day or so
later decreased the rate decidedly and lasted for 8 minutes.
The most pronounced example of inhibition was obtained in a
specim.en from a rat weighing 100 gm. dilution of
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1:1,300,000 cut down the amplitude of the contractions immed-
iately about 50 percent and the rate proportionately. Dur5.ng
the next 40 minutes both rate and amplitude very gradually
returned to normal.
It would appear from this series of experiments that the
response to histamine was not as striking as others have re-
ported it to be, except for one case. This seemed to be due
to the fact that the specimen came from an older animal, so
that tte rhythm of the spontaneous activity was stronger and
more re,sular. As the conditions in this case were the sam.e
as for the others, this factor of age seemed to exert a diff-
erent influence than that reported by Parker and Parker,
iinother series was carried out on rats over 100 gms. in weight,
substituting Ringer-Locke solution for Tyrode’s. In these
cases the relaxation produced by histamine was striking and
instantaneous. In three cases the concentration of histamine
v/as around 1:200,000, which produced a marked decrease in
rate and amplitude and occasionally a very slight drop in
tonus. In two instances the activity was completely arrested
temporarily. In two other cases inhibition v/as produced in a
concentration of 1:1,000,000. Later, in another series of rats
of approximately the same weight, these results were repeated.
The effective concentrations ran from 1:200,000 to 1:500,000,
producing more or less canplete cessation of activity for 3
to 6 minutes.
In general, it may be said that the above total of 24
cases shov/ed that histamine caused depression of the normal
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activity in dilutions up to 1:1,000,000 and that the degree
of Inhibition parallelled the dosage in some measure, but
there seemed to be a considerable difference in the react-
ivity of different strips, especially in the higher dil-
utions. Very great dilutions may reverse the response but
it is not constant or easily seen. Inhibition was more
manifest in the older lats, v/here the increased activity
and rhytlimicity of the normal tracing afforded a good contra
to any change.
xi. few other features were noted in regard to the rat
uterus. The effectiveness of repeated doses in most instan-
ces v/as less than^the original dose, even v/hen the muscle
was v/ashed out and placed in a fresh bath. Frequently two
or three times the original concentration produced less or
no response. The alteration of the H-ion concentration of
the bath by histamine in concentrations up to 1:50,000
apparently had little influence on the muscle per se . Such
variations as occurred (ph 3.5 to 7.7) had no noticeable
effect on the normal activity when this change was produced
by the addition of IICl. In three cases the effect of
urethane as an anesthetic was tried, and it was found that
there was no visible difference in the normal uterine act-
ivity or in its response to drugs. In agreement v/i th the
recent work on oestrus, the spontaneous contractions of the
uterus were found to be more regular and best suited for
comparative studies during the stages II and III, as there
were fewer or no confusing subnaxiraal, circular or composite
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beats.
The response of the suspended uterine strip to histsmine from
a series of rats, 2 to 3 months old on the average and adrenalect-
omized about two weeks before, was the same as that obtained
in the normal group. Slightly higher concentrations (1:200,000
and 1:400,000) in most instances v;ere employed. In five cases
very marked inhibition was seen —complete or almost complete
arrest of all activity for a period of 5 to 20 minutes, accordp
ing to the dose. In one case, a specimen from a very old rat
showed complete inactivity for 11 minutes following the in-
jection of histamine yielding a final concentration of
1:800,000. In six other cases the effect of histamine was not
so marked, showing only an increased interval of relaxation be-
tween two consecutive contractions, or a decrease in amplitude
and tonicity. Four cases exhibited no response to the drug.
This may be attributed partly to difficulties in maintaining
uniform conditions owing to the somewhat erratic rate of oxy-
genation and to the fact that the const snt temperature bath
wa§ no longer available for this work, ^bout 40/:perGent of the
records for this group showed a decided irregularity in the
rate of contraction. However, in tracings of the uterine
movements from normal and transplanted rats made at this time,
this feature was not so noticeable. ^Consequently one can not
state whether or not the condition of adrenal insufficiency
may have exerted some influence on the smooth muscle as has
been found in (Conditions of vitamine deficiency ( Hurwitz and
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beats.
The response of the suspended uterine strip to histamine
from a series of rats, 2 to o months old on the average and
<Jr<t«*.JLci*.^about two v/eehs before, v/as the same as that obtained
in the normal group. Slightly higher concentrations (1:200,000
and 1:400,000) in most instances v/ere employed. In five cases
very marked inhibition was seen -- complete or almost complete
arrest of all activity for a period of 5 to 20 minutes, accord-
ing to the dose. In one case, a specimen from a very old rat
showed complete inactivity for 11 minutes following the in-
jection of histamine yielding a final concentration of
1:800,000. In six other cases the effect of histamine was not
so marked, showing only an increased interval of relaxation be-
tv/een two consecutive contractions, or a decrease in amplitude
and tonicity. Four cases exhibited no response to the drug.
This may be attributed partly to difficulties in maintaining
uniform conditions owing to the som.ew'hat erratic rate of oxy-
genation and to the fact that the constant temperature bath
was no longer available for this work. About 40^ of the
records for this group showed a decided irregularity in the
rate of contraction. However, in tracings of the uterine
movements from normal and transplanted rats made at this time,
this feature was not so noticeable. Consequently one can not
state whether or not the condition of adrenal insufficiency
may have exerted some influence on the smooth muscle as has
been found in conditions of vitamine deficiency (Eurwitz and
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Nichols, 1950), hut in any case the effect of histamine ;vas
apparently imaltered.
The inhibitory effect of histamine v;as easily elicited
from the isolated uterine strips obrained from rats which had
functioning cortical material but no chromaffin tissue. The
total num^ber tested was only six, tv;o of which were unsatis-
factory due to inconstant temperature or rate of oxygenation.
The depressing effect of histamine (1:400,000 to 1:1,000,000)
Y/as unmistakable, as the normal activity v/as fairly regular and
vigorous. The amine produced more or less complete cessation
in proportion to the dilution.
Some additional data v/ere also obtained concerning the
reactions of the rat uterus from normal and operated animals.
It v;as found that adrenalin in very dilute am.ounts produced
an immediate and complete relaxation lasting for a long period
of time, in contrast to the effect of histamine. In a few
Instances, when histamine was added to the bath after the
adrenalin, a slight resumption of the normal beating seemed
to take place. Hoderate to large doses of pltuitrin produced
contracture, and if histamine was injected during this phase
a slight drop in tonus followed, but no striking counteraction
of the pituitrln effect was noted. Following atropin, the
response to histamine was not altered. The uterus, however,
was considerably more sensitive to charges in the rate of
oxygen flow and in temperature than to changes in ph and to
drugs.
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Inhibition or stimulation would occur after any change in
the rate of the oxygen supply, especially if the rate increased
If the rate decreased, a transient increase in rate followed
which gradually gave way to inactivity. A slight increase in
temperature produced a gradual rise in tonus and rate, and in
this latter condition histamine was less effective. If the
tone was raised considerably, as when the temperature had in-
advertently approached 40 C., fairly high concentrations of
the amine were totally ineffective.
In regard to very dilute concentrations of histamine on
the uterine strips from adrenalectomized and transplanted rats,
it seemed rather unprofitable to pursue such a study with the
apparatus available, judging from the results obtained in the
groups of normal rats. However, in many cases higher dil-
utions v/ere tested than the reported effective dose, with no
response. It was found that as a general rule, in these two
classes of rats as well as in the normal rats, the miost
certain m.inimal concentration of histamine eliciting a clear
cut picture of Inhibition was around 1:500,000 and occasion-
ally 1:1,000,000.
Utedne reactions in anaphylactic shock in vitro . When normal
horse serum, v/ithout preservative, was added to the physio-
logical solution bathing a rhythmically beating strip of ^iin-
sensitized rat uterine muscle, no change was produced in the
tracing even with a dose as large as 1 cc. Occasionally one
noted a slight Increase in duration, amplitude or tone of a
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/
contraction immediately following the injection. Old serum
which may have developed some toxicity was more apt to ex-
hibit this effect, hut as even the freshly obtained serum
acted in the same way on some muscle strips and not on
others, it indicates that for some reason normal horse serum
can exert a very slightly stimulating effect. Longcope
(1922) found the same to be true. This fact did not inter-
fere very decidedly in testing for anaphylaxis because the
response of the uterus, when obtainable, was more striding
and long lasting. Furthermore, after some time had elapsed
and the bath had been renewed, a second test dose could be
given, illustrating the contrast between the heightened
response of the sensitized muscle and the decreased or total
absence of a reaction in the partially or completely desen-
sitized muscle. The tests on the unsensitized and desensi-
tized muscle were controls not only for the effect of antigen,
but also for the changes which occur in the bath on adding
such a large q.uantity of serum, such as H-ion concentration,
variations in salt concentration, and frothing from the
lowering of the surface tension.
Fourteen normal rats, 2 to 3 months of age, were sen-
sitized and tested as described before. A shocking dose
of 1 cc. elicited in three cases a definite increase of
activity and tone. Reinjection of the same dose later
demonstrated almost a complete desensitization. In three
other cases there was only a suggestion of the stimulating
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effect of 1 cc. of antigen, 'but a comparison with the control
test and with the desensitization test indicated that the
shocking dose was responsible for this response. The re-
maining eight cases were unquestionably negative, three of
which had received only 0.01 cc. of antigen.
A similar series was carried out on 10 rats from which
the adrenal glands had been removed 10 days or more before
the course of sensitization was begun. As in the normal
group the number of unmistakable positive cases was low,
namely only two. In addition, there was a third of a sug-
gestive character. The same difficulty with erratic rhythm
and long periods of inactivity had to be contended with
here as in the adrenalectomized group used for the histamine
tests. In addition, the stimulating effect of horse serum
in the control and desensitization tests was more prominent.
Only five cases comprised the series on the uterine
response to anaphylaxis in rats with cortical transplants.
About the same ratio of positive to negative cases was ob-
tained. In two instances the shocking dose of 0.3 cc. of
serum enhanced the number of submaximal contractions. This
could also be interpreted as an increase in rate to such a
degree that it incurred a decrease in amplitude. The re-
maining three cases were negative.
In conclusion, the results obtained on the three
classes of rats by the bath method showed that in anaphylaxis
the uterus is stimulated to contract, but that the response
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if? not marked or re^larly obtained. Extremely large sensi-
tizing doses and test doses of serum seemed to be required.
There was apparently no difference in the response of the
smooth muscle to shock or degree of sensitivity in the normal
or operated rat
.
Uterine reactions to histamine in vivo. The results of the
bath experiments with the surviving uterus of normal and
doubly adrenalectomized rats, and of rats with cortical
transplants, showed no distinguishable differences in the
reactions of these three types to histamine poisoning and
to anaphylactice shock. As there is sufficient evidence
proving that removal of the adrenal medulla increases the
susceptibility to both these conditions in the intact animal,
two possible explanations could account for the results ob-
tained. The most likely one is that the change in suscepti-
bility is not due to a difference in the reactivity of the
smooth muscle but to an increased susceptibility of some
other tissue or mechanism such as the reticulo-endothelial
system. On the other hand, the above experiments are not
conclusive proof that there is no change in the smooth muscle,
since it is excised tissue; and it has been frequently sug-
gested that this system should be studied in situ, where ex-
perimental conditions would be more nearly comparable to the
normal physiological condition. One drawback is encountered,
namely, that one cannot work with a constant, unchangeable,
predictable medium. Yet there is sufficient reason to expect
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that the muscle in situ with intact hlood and nerve supply,
in a medium of tissue fluids at normal temperature, may show
some points of variation from the excised, surviving muscle.
With this in mind the responses of the uterus to histamine
and in anaphylactic shock were studied in situ.
In seventeen normal rats the response of the uterus was
observed upon the intravenous injection of varying doses of
histamine according to the method previously described. The
doses ran from 0.0^ mgm. per 100 gm. body weight to 1^.0
mgm.-lOO gm.
,
and as a rule the smaller doses were repeated.
The average weight of the rats was 200 gms
. ,
this size being
most convenient to handle. In most cases it was found that
immediately upon injection there followed an almost imper-
ceptible relaxation lasting about ^0-45 seconds, in two cases
injections of 10 to 1^ mgm. produced this effect, which en-
dured for 1 to 3 minutes. In most cases this manifestation
of relaxation was due only to a slight drop in tone, hardly
more than 2 to 3 nnn. below the normal level. Accompanying
this, in some cases as the only evidence, was a slight in-
crease in the interval between two consecutive beats. There
then followed a second phase in the activity of the uterus,
which was a decided though slight increase in tone, rate and
occasionally amplitude. This lasted from 6 to 30 minutes.
Only two tests in this series showed no evidence of stimula-
tion, and two other cases were merely suggestive. This
second phase of increased activity was more definite than
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the inhibitory phase and was ci.uite mariced when little or no
spontaneous action could he elicited from the uterus previous
to the injection, which was a frequent occurrence when woricing
on normal rats.
In eight rats a record of the blood pressure also was
talcen. The dosage of histamine varied from mgm. to U.2
mgm.-lOO gras, and produced the characteristic fall iu blood
pressure. From these simultaneous records it was noted that
the inhibitory phase closely corresponded in time of onset
and duration with the precipitous decline in blood pressui’e
,
and that the period of increased activity commenced either
at the moment when the blood pressure reached the bottom or
had just started to recover. The stimulation of the uterine
activity was not dependent upon the level of the blood
pressure; that is it was not necessary for the pressure to
regain its former level or even to approach it, for in
those cases where a large dose of histamine was given, the
level of the blood pressure remained low, regaining less than
10 mm. Hg; and yet this phase was seen. If a lethal dose
was given the situation changed. The systemic effects pro-
duced considerable interference with the tracings, especially
the respiratory spasms. Moreover, as the blood pressure
gradually declined the uterine activity also gradually faded
out until death. With such large doses one could not obtain
any information about the actual effect of the amine on
the muscle.
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These results indicate that with small injections of his-
tamine from which the animal recovered, the effect on the
uterus was very slight. It seems that the relaxation is but
transitory and almost insignificant, and cannot be truly attri-
buted to the effect of the drug but tather to the sudden and
profound fall in blood pressure, since this corrag?ondence ih
time was so close. It seems unlikely that the histamine could
reach the muscle in effective concentrations so nearly instan-
taneously. The phase of increased activity is also debatable,
but appears to be more likely due to a small concentration of
the drug reaching the uterus. Furthermore, a few experiments
on the effect of vegus stimulation, amyl nitrite, and very
dilute adrenalin, all of which produced a sudden fall in blood
pressure, also showed a transient inhibition of the normal
uterine activity corresponding with the period of the decline
in pressure. In these instances the stimulation phase was not
visible
.
Intravenous injections of histamine in doses from Q.l to
1,0 mgm. per 100 gms . body weight produced the same effects
on the uterus of doubly adrenalectomized rats as it did on
the normal rats. The series consisted of 12 cases, of which
two cases were untrustworthy because the response was so
faint. In the other 10 cases the period of relaxation was
as transitory and slight as in the normals. The decrease
in tone was somewhat more visible due to adjustment of the
l£ver. The period of increased activity was not so marked
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and occurred in only 7 oiit of the 10 rats. The remaining
three cases showed the initial inhibition with the fall in
blood pressure, and the failure of the second phase to appear
could be accounted for by the fact that all three succumbed
directly to a repeated dose of histamine of 0.4 mgm. and 0.1
mgm. per 100 gms
.
while even the first injections of 0.0^
mgm and 0.1 ragm, - 100 gm. caused profound systemic effects
with no recovery. As mentioned before, uterine activity
gradually ceased when the animal became more or less moribund.
Eats without cortical and medullary tissue were net very
satisfactory for experiments of this nature, as they were
often sicicly at the start and did not withstand the operative
and experimental procedures for an^' length of time.
In addition to the above group there was one case in
which a drop of histamine ( cone . 1:100Q) was applied to the
uterus in situ. In this instance definite inhibition followed.
The same type of experiment was carried out on a series
of 10 rats with functioning cortical tissue but no medullary
tissue. In contrast to the doubly adrenalectomized group
these animals were in vigorous health and withstood the
operative procedures very well. In only two cases where
the doses of histamine were 2 mgm. per lUJ gms. body weight,
were the readings of the tracings impossible due to systemic
collapse. In the other eight cases the two phases of re-
laxation and increased activity were the same as found in
the normal group. In a group in which no blood pressure
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was recorded the average dose ran from J.2 mgm. to 2.0 mgm.
per 100 gms . body weight, but in the group with simultaneous
blood pressure determinations the dosage did not exceed
mgm. per 100 gm. because all the previous experiments indi-
cated that these low doses were more stisfactory and uncom-
plicated by respiration, graduel decline of the blood pressure
or general failure of the rat. In these rats it was noted
that normal activity of the uterus was consistently greater
than that obtained in the normal group. It seems possible
that this circumstance is due to the fact that in normal
animals the adrenals may be stimulated to liberate adrenin,
which hss been shown to inhibit the activity of the uterus
very effectively. Knaus (1929) has reported that I/900 th
of the adrenin stored by the gland is sufficient to eliminate
the uterine contraction. In the present work it was found
that a direct application of adrenalin to tne oozing skin
incision at the neck completely inactivated all uterine con-
traction for over ^ hour.
Response of the uterus to anaphylactic shock in vivo. For
t^p p+udy of anaphylactic shock the in-situ method used was
the same as that in the histamine experiments. The animals
received from 9 to 9 daily injections of 0.9 to l.Q cc. of
horse serum, and from 10 to 19 days following the last sen-
sitizing dose the animals were tested for shock by intravenous
injections of 0.9 to 1.0 cc, of the serum. The operation
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necessitated using fully grown rats, so that their weights ran
from I5 G to 200 gms . In the earlier group of experiments
records of the blood pressure and respiration were not taicen,
but later, when the apparatus was so arranged and adjusted
that these records could be made on the same drum by use of
the long paper, electric Icymograph, a second group of experi-
ments was carried on supplementing these data along with the
uterine response in normal, doubly adrenalectomized and trans-
planted rats.
The results of the experiments on iU sensitized normal
rats without blood pressure determinations afforded only one
case in which the evidence derived from the reaction of the
uterus was distinctly positive. In this instance the rate,
tone and amplitude of the contractions were increased about
one minute after the injection. Uo other symptoms were noted,
and the animal survived. In five other rats the respiration
became slightly labored a fev/ minutes later and then became
normal. This in itself was not considered sufficient proof
of an anaphylactic cord ition although later it was found that
respiratory difficulties were generally an accompaniment of
the decline in blood pressure.
It was unfortunate that shock experiments on the normal
sensitized rat with blood pressure determinations were started
at a time when circumstances arose so that only three rats
were available. In these three experiments only two of the
uterine records showed any response to shock. In and 7
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minutes after the test dose the tone of the uterus increased
slightly. In all three cases, however, the tlood pressure
fell and the uterine response appeared just afterward. Ho
changes occurred in respiration and no pathological findings
were observed in the gastro-iatestinal tract at biopsy. The
average initial blood pressure level was 111.^ mm. Hg, which
dropped to 66.6 mm. Kg during the course of IQ minutes. The
normal level was regained in about one-half hour. All sur-
vived. Talcing the group as a whole, there were only 4
mildly positive cases out of 13*
Eight out of 10 sensitized doubly adrenalectomized
rats in this series, in which no blood pressure records
were made, suffered from fairly profound anaphylactic shock.
In six of the eight the effects were fatal 14 to 120 minutes
after the injection. The uterine response was not striking
or comparable to the degree of shock seen. In two cases
which were considered as positive, due to the respiratory
disturbance along with congestion of the gut, the uterus
remained unaffected. One of these rats died in 26 minutes.
In two other cases, one fatal, the gastro-intestinal symptoms
were not seen, but the uterus responded by a slight increase
in rate and number of submaximal contractions. All 10 rats
developed some dypsnoea several minutes after the shocking
dose, but as in the normal group this could not be considered
in itself as sufficiently reliable to classify them all as
positive
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In the series of doubly adrenslectomized rets in which
blood pressure changes were observed, the response of the
uterus WES found again to be less noticeable and less constant
than the other effects of shock. The fall in blood pressure
and the gastro-intestinal congestion occurred in all the seven
positive, but not in the one negative case. The respiratory
spasms were almost a constant finding and in fact seem to be
associated in most instances with the low level of the blood
pressure, as it did not appear until after the fall had taken
place. Six of the group died in from to I3I minutes. In
the remaining positive case the blood pressure returned to
normal after 40 minutes. Another fairly constant feature was,
that following the injection of antigen there was a latent
period of 3 to 4 minutes, the fall in blood pressure and the
increased activity of the uterus occurring at about the same
time. The drop in pressure occupied several minutes, averaging
about 10 minutes. It was a rather marked change, although by
no means the precipitous decline such as that brought about
by a sudden injection of histamine. Having reached a low
level (average 48.0 mm Hg) further change came about very
gradually. In contrast to this condition in shock are the two
instances where the rat was not sensitive to the antigen, one
because sensitization failed and one in which desensitization
developed when the rat in question recovered. In both cases
injections of horse serum of 1 cc. raised the blood pressure
and maintained it for a period of many minutes, even longer
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than one-half hour. The return to normal was very slow and
steady. In control rats, which will he discussed later, horse
serum infections did not produce the syndrome described here.
In the series of sensitized rats with transplanted corti-
cal tissue in which no blood pressure determinations were made,
six of the eleven developed definite anaphylaxis, three dying
within 43 minutes after the injections. As two cases were
tested on the ^th day of incubation, no reaction followed and
these served as additional controls. In three other cases the
only indication was the labored breathing in 6 to 10 minutes.
These again were not included in the positive group. In the
six positive cases the reaction of the uterus was very slight,
and in only three truly significant. However, in the whole
group of positives the respiratory symptoms and the gastro-
intestinal findings substantiated the faint uterine indication.
In addition, nine rats were tested for shock and the
blood pressure changes determined. Seven were positive, one
was negative and one was doubtful. Only one died. Again the
uterine response was faint. A slight elevation of the tone
and a possible increase in rate with some additional submaximai.
contractions occurred about the time or slightly after the
blood pressure started to fall. This was also followed by
dypsnoea. After 30 minutes to one hour three animals showed
a partial recovery of the blood pressure and in four cases no
appreciable change had taken place. On autopsy all but one
exhibited congestion of the gastro-intestinal tract.
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Upon comparing the difference in the effect of the test
dose of horse serum in the sensitized normal, douhly adrenalec-
tomized and transplanted rats it was easily seen that the
) latter two classes exhibited more profound systemic effects,
and as a group contained a larger percentage of positive ani
fatal cases. The percentage of positive uterine reactions
may have been slightly higher than in the normals, but the
response was on the whole no different in character from
that exhibited by the normals. In all inST;ances the reaction
of the uterus in situ was scarcely distinct or constant enough
to be chosen as the one unquestionable criterion of anaphylaxis.
It should also be noted thet in the three groups in
which blood pressure determinations were made, the most con-
stant and delicate indication of shoclc in the rat was the
fall in blood pressure. The manifestations of increased
permeability of the intestinal mucosa and exudation of blood
into the lumen of the gut was seen only in rats where shock
was fatal or where recovery was prolonged or failing to occur.
Respiratory distress seemed to be in some way dependent upon
the fall in pressure or the low level attained. In the matter
of the increased number of deaths among the doubly adrenalec-
tomized groups, the facts that these rats has a low blood
pressure at the start of the experiments and also were not
in the best of health as compared with the other groups
,
undoubtedly contributed to the early death. The average
initial blood pressure for the adrenalectomized series was
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7^.1 mm Kg, while thfit of the transplants was 104.0 mm fig and
the normals 111.3 nim. Hg. In addition to this it should be
recalled that although only 4 deaths were reported for the
I entire group of 20 transplants, yet in the series in which
blood pressure determinations were made several of the animals
did not attain complete recovery within the same period of
time required by the normals. It is undoubtedly true
(although Wyman reported in 19^3 that the doubly adrenalec-
tomized and transplanted rets were equally susceptible to
shock) that in these experiments the extensive operation
complicates the outcome to some degree, but in no way in-
validates the conclusion that both types of rats are more
susceptible to shock than normal rats. The response of the
uterus is apparently the same in all three types.
Anaphylaxis in the rat passively sensitized to ovalbumin . For
the study of anaphylaxis foreign serum, especially horse serum,
has been selected by many of the investigators because it is
easily secured, inexpensive, and non-toxic for the rat. From
an immunological standpoint it is far from ideal because of
its complexity and the uncertainty of the reacting constituents.
Another commonly used antigen is egg albumin. However, Novy
and de Kruif (1917) claimed that this was primarily toxic for
the rat and could even cause death. Because of the difficulty
in sensitizing normal rats it was thought that by using a
purified antigen, i.e. egg albumin, a more dependable picture
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of anaphylaxis could be obtained and would serve as a checi:
on the results from the horse serum series if the toxicity
factor proved to be less troublesome than reported. It was
also hoped that passive sensitization to a single antigenic
protein could enhance the response to anaphylaxis.
A small quantity of purified ovalbumin, and a high titre
anti -ovalbumin rabbit serum for sensitization, both prepared
in the Evans Memorial, were kindly supplied by Dr. S. B.
Hooker. Normal rats, doubly adrenalectomized rats, and rats
with cortical transplants were passively sensitized by intra-
peritoneal injections of 0.2^ to 1.0 cc of the anti-serum 3
to 4 days before the test dose of purified antigen was given
by vein. Blood pressure, respiration and the uterine response
in situ were recorded as before.
After the injection of 0.4 to 0,6 cc of ^ per cent antigen
into 3 normal rats, not a single sign of shock was seen although
at the moment of injection the blood pressure fell precipitously
and Just as rapidly returned to normal. This latter was the
toxic reaction as it occurred also in the non-sensitiged control
rats
.
In two passively sensitised, adrenalectomized rats the test
dose of 0.4 cc, of 3 per cent ovalbumin produced fatal shock in
one and a moderate degree in the second case. In the fatal case
there was a slow, steady fall in the blood pressure from 48 mm.
Hg to 33 mm. Eg.
,
starting five minutes after the injection.
After 20 minutes the low level was reached and
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maintained for some time, ‘but after one hour it dropped to
zero. There was no apparent response of the uterus. The res-
piration became irregular and labored as the blood pressure
reached the low level, and then improved until shortly before
death. On autopsy, congestion of the intestines was seen.
In the second case, although the rat recovered, the effect
of shock was even more typical. Within 20 minutes the blood
pressure had fallen from 80 mm Kg. to ^8 mm. Hg.
,
starting 9
minutes after the injection, and was accompanied by slignt
dypsnoea. Within 2^ minutes the pressure had returned to
normal. Reinjection of the same amount of antigen produced
the immediate transient dip in pressure, but the normal level
was maintained thereafter, illustrating well the phenomenon
of desensitization. The uterine response was very slight, but
clear. The tone and rate increased 12 minutes after the in-
jection and lasted for about 10 minutes. After the normal
rhythm was regained no further change took place even after the
second injection. In the one control experiment for adrenalec-
tomized rets, the sudden injection of ovalbumin produced this
same fall as described here. Ko changes in respiration, uterine
activity or condition of the intestinal tract were seen.
The intravenous injection of 0.5 to 1.0 cc of 1 per cent
ovalbumin caused shock in five passively sensitized rats with
cortical transplants. Three cases were fatal. On the average
the blood pressure fell about 50 to 40 mm Kg during a period of
50 to 40 minutes, starting 5 to 10 minutes after injection. The
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respiratory, gastro-intestinal and uterine reactions were not
particularly marked or consistently present. Only two cases
shewed a satisfactory change in the activity of the uterus.
In case E-12
,
which terminated fatally, a slight rise in
tonus occurred. In E-14
,
which recovered, there was a
definite though slight increase in the rate from 11 to I3
beats per 15 minutes. One control experiment was done which
showed that the injection of ovalbumin per se was not res-
ponsible for the above finding.
The results from this group of experiments indicate that
the onset of anaphylaxis to egg albumin was not as sudden or
as rapid in development as that obtained to horse serum. A
more extensive series would be necessary in order to determine
finally this point as well as the possibility that a lighter
degree of shock developed after passive sensitizat ion to a
ied
puri^ antigen. However, there is sufficient evidence from
these few experiments to show that the egg albumin anaphylac-
tic shock did not differ in any feature except intensity from
that obtained in the horse serum groups, and that the com-
parative susceptibility of the three types of rats was just
as evident
.
Controls . In the work on the isolated surviving muscle the
introduction of drugs into the bath was controlled by the
addition of normal saline or Ringer-Locke solution. This
showed that the method used for injection in no way disturbed
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the muscle. In experiments employing drugs such as pituitrin,
adrenalin, etc., the response of the uterine muscle served as
controls for the reactivity.
In the bath experiments on anaphylaxis the effect of
horse serum was tested on the non-sensit ized uterus. The rats
were sensitized in groups of 3 to 6 at a time, and one or two
rats from the same litter or operated group was set aside as
controls for the particular lot of serum used for the inocu-
lation of the given group. The reaction of the sensitized
uterus was always compared with its own control because, as
was mentioned before, the non-sensit ized uterine strip might
react slightly to normal horse serum. In addition to this,
the reinjection of the same amount of serum after shock had
taken place and the bath had been refreshed afforded the best
control, as one obtained here a direct comparison of its
effect on the same muscle and under the same conditions. The
addition of 0,3 to 1.0 cc of the antigen to the bath brought
about a change in the H-ion concentration and in the surface
tension of the medium surrounding the tissue, which in them-
selves might lead one to expect some change in the automatic
beating or tone. However, the frothing and the lowering of
the fE did not produce any visible reaction on the part of
the tissue. As a check on this insensitivity to pH changes,
a few experiments were carried out on the effect of lowering
the pH by addition of dilute hydrochloric acid. No effect
could be seen as the pH was adjusted to between 8.2 and "]. 3 ,
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the range which included any possible changes induced by his-
tamine or horse serum.
The matter of adequate controls for the experiments in
•situ offered some difficulty from the facts that anesthesia
was required and that the anticoagulant, heparin, was necessary
in order to obtain records of the blood pressure. The intra-
venous injection of 10 mgm. of heparin was chosen in preference
to sodium citrate in the manometer system because in former
work it was found that when citrate entered the circulatory
system during a fall in blood pressure, undesirable and con-
fusing systemic disturbances ensued. The only objection to
the use of heparin’ is that many workers have maintained that
it has a protective action in anaphylaxis, (Keyes & Strauser,
1926 ; Zunz & Van Qeertyden, Bernard, 1921). However, this is
denied by others, (Hill & Martin, 19^2). After surveying the
entire series, including all three types of rats, it seemed
that it had little or no influence on the course of shock and
if any it was a constant one for three types so that the com-
parative susceptibility remained the same. As for a possible
influence on the uterine reactions, the series in which no
blood pressure determination were done showed that this organ
was not noticeably altered in its response by the presence of
the anticoagulant
.
The customary procedure in bath experiments has been to
kill the animal by a blow on the head. The main reason for
this has been to obtain the smooth muscle in as nearly a
ii
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normal state as possible by avoiding the introduction of extra-
neous factors such as anesthetics. This course was followed in
the routine bath work, but a few experiments were carried out in
the bath on uteri from rats which had been inactivated by 0.I3
mg - 100 gm body weight of urethane. Urethane was selected
because it supposedly induces rapid and profound narcosis with
little change in the respiration and the circulation. It in no
way altered the normal activity or the reaction of the uterine
muscle to the substances under investigation. It therefore
seemed likely that the use of this anesthetic for the shock
experiments in situ would not confuse the issue. Two experi-
ments were run under ether anesthesia. It is generally accepted
that ether augments the reaction to histamine. Since intra-
venous injections showed so very little effect on the uterus,
and that more in the nature of a reversal than that obtained
in the bath, it seemed plausible that under ether the inhibitory
phase previously described might be more pronounced. However,
this did not reveal itself . It was concluded that the lack of
response of the uterus to the intravenous injections of his-
tamine was not due to the anesthetic, but rather to the failure
of the drug to reach the muscle in sufficient concentration to
effect inhibition through the blood stream. This fact was
further substantiated by the experiment in which a drop of
histamine applied directly to the exposed surface of the in-
tact uterus produced inhibition.
Some normal saline controls were also run. Previously
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in other problems, the effect of infections of normal saline
on the blool pressure had been found to be inocuous (Vvyman and
turn Suden, 1932a, 1932b). These tests were designed to find
out if the addition to the circulation of fluid in amounts
customarily employed contributed any influence on the reaction
of the uterus. Apparently the infections of 1 cc. did not
produce sufficient increase in the blood volume to bring about
a significant elevation of the blood pressure to effect thereby
the uterine activity.
The experiments on anaphylaxis, with and without blood
pressures, were controlled by the usual infections of non-
sensitized rats with horse serum from the same lot which had
been used for the course of sensitization of the other rats
in the psrticular group to be tested, besensit izat ion tests
were csrried out on all rats, where possible, as the most
adequate and demonstrable proof of anaphylaxis.
Several experiments were directed to the effect of the
sudden lowering of the blood pressure by amyl nitrite and
faradic stimulation of the vagus on the normal uterine activity.
It was found that at the moment of onset of the decline of the
pressure there was a very slight indication of relaxation.
This lasted, as well as could be fudged, as long as the fall,
and then immediately returned to normal. Stimulation of the
vagus was found not to be entirely satisfactory, the reaction
being by far too rapid and fleeting because of ’vagus escape.’
The amyl nitrite inhibition also allowed for some criticism.
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as the action of the drug is presumably on the contractile sub-
stance, relaxing smooth muscle in general without reference to
the innervation.
Pituitrin and adrenalin injections were also given. This
showed that the characteristic action of these drugs was
readily elicited in situ. In particular, it was noted that
the inhibitory effect of adrenalin was as marked in situ as
in the beth, as seen from the previous reference to the ef-
fectiveness of a local application to the skin incision around
the neck. This seemed to afford a possible explanation of why
the normal rat uterus so often appeared less active than in
the medulliadrenalectomized cases in situ; it is in accord
with the evidence presented by Canxion (1931) that in normal
animals an operative disturbance causes a considerably exag-
gerated medull!adrenal secretion.
DISCUSSION
The usual effect of histamine on the isolated uterus of
the normal rat is one of relaxation. This is in agreement
with the findings of Guggenheim 1912, Fuhner 1913* Cow 1914,
Ogata. 1921, Longcope 1922, Voegtlin and Dyer 1923, etc. The
same reaction was obtained both in the normal and in the
operated rat muscle strips regardless of previous sensitiza-
tion or shock. Voegtlin^ and Dyer (1923) claimed that a
concentration of 1:3*000,000 elicited this response (iuite
regularly and that relaxation was obtained in even higher
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dilutions. On the other hand, Kelloway (I93O) found that he
could only procure constant relaxation in dilutions not greater
than 1:1,000,000. Longcope (15^22), Cow (191^), and Abel (I919)
employed higher concentrations to demonstrate this action.
In the bath experiments reported here, it was found that al-
though relaxation occurred at times in dilutions up to
1:2,000,000, the effect of histamine was likely to be obscured
because the fluctuation in the normal spontaneous contractions
were of the same magnitude and kind, koreover, the individual
variation in sensitivity was more apparent in tne higher dilu-
tions. As pointed out by Abel and Kubota and by Cow, the rat
uterinei muscle is not so sensitive to histamine as that from
other species, even though the effect is in the opposite direc-
tion. The guinea pig uterus contracts definitely in a con-
centration of 1:10,000,000. Abel demonstrated an unq.uestionab]B
reversal in the action of the drug on the mouse uterus in
dilutions of 1:2,000,000 and 1:1,000,000; but in the rat,
only a dilution of one to "several*' millions produces reversal,
which was in no way as definite as that seen in the mouse. In
1916 Adler also observed this action on the part of the mouse
uterine muscle. There eie fev; reports on the rat uterus
in regard to histamine reversal except a mention by Feldberg
and Schilf, of work by Katz and the T.sporaiic, uncertain in-
stances referred to by Best, Budley, Dale and Thorpe in their
work with extracts of histamine from normal tissues. However,
Best and McHenry (1931) do not seem to challenge the validity
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of these reports but state that the fact needs further sub-
stantiation.
When the present proLleai v<as begun it was intended to
investigate the response of the surviving uterus to very
minute doses of histamine with this possibility in mind, but
the vagueness and inconstancy of the results discouraged
further work; until all probable extraneous factors, attributable
to technique and apparatus, could be eliminated. The three
instances in which reversal was observed suggested that it
might have been possible, under ideal conditions, to obtain
an adequate and reliable confirmation of the stimulating effect
of small amounts of histamine on the rat uterus.
Relatively little work has been done on the effect of
drugs on the uterus in situ. In the rat, Knaus and Clark
( 1923 ) and Crunn and Gunn (1914) studied tne effects of certain
drugs and salts in vi'vo, and found that the response was the
same as foi the excised muscle. No reference to similar work
on the effect of histamine has been found. Reynolds and his
associates (1930) developed a method for the study of the
rabbit uterus in situ without using anesthesia. In regard to
histamine they found that the systemic effects of the drug
interfered with the tracing of the uterine response and that
v;ith doses small enough to eliminate this difficulty no
sssured response could be detected. The same situation was
encountered in the present work on the rat. In contradis-
tinction to the results obtained in the bath experiments, the
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pure inhibitory action of histamine could not be clearly demon-
strated in situ by intravenous injections, but could be elicited
by direct application of a fairly strong* solution to the ex-
posed surface of the uterus in vivo. In most cases a slight
stimulating action was more pronounced than the immediate,
transient relaxation. In normal rais wnere the possible libera-
tion of adrenin into the circulation almost inactivated the
automatic rhythm, the phase of increased tone and activity was
very prominent. The transient depression could be interpreted
as a secondary effect because of the speed of onset, momentary
duration, and the magnitude of the reaction. Barboui* and
Rapaport demonstrated on the uterus of the dog in situ
that activity was abolished under conditions establishing a
deficient circulation to the ox’gan,sueh as hemorrhage and in-
jeotious of hypertonic salt solution. The results of the ex-
periments in which amyl nitrite and vagal stimulation were
employed suggested this possibility. When adrenalin or
pituitrin was injected, the uterine response was not so
instantaneous as this first apparent effect of depression,
but showed that a slight latent period was reQ.uired before
the drug reached the muscle. As a general rule, the Schultz-
Dale method has been found to be a fairly reliable, simplified,
physiological means to reproduce in vitro, qualitatively if
not always quantitatively, the reactions of non-striated
muscle to various substances. The evidence cited here, though
meagre, definitely signifies that the difference in the
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response in vivo and in vitro may "be primarily a (iuantitative
one
.
In viev/ of the possibility that excised muscle is stimu-
lated by very minute quantities of histamine, it is very probable
that the slightly increased rate and tone obtained in situ is
a manifestation of this point. It is not at all unlikely that
when the dnog is administered via the circulation, the numerical
potency of its action on the muscle is far less than the cal-
culated value, and even below that of any concentration tested
in the bath. Xnaus and Clark (192^), in regard to the effect
of adrenalin on the rat uterus, demonstrated that "the concen-
tration required to produce an effect in situ is from 40 to
100 times that which acts upon the isolated muscle". For their
study in situ the drug was given by vein. The results obtained
here with histamine msy offer a parallel case. The usual dose
of 0.1 and 0.2 mgm per 100 gm. would bring the concentration
of the drug in the blood up to 1:100,000 or 1:200,000, figuring
on the basis of 13 to 20 cc total blood volume for the rat of
200 gms . body weight (Went and Drinker, 1929 1 Wyman, 1930).
One would expect that the high theoretical concentration of the
amine in the blood would act in the same direction as in the
bath or on direct application. Considering the complex chemical
constitution of the blood, it is unlikely that the calculated
potency of the drug obtains. In the first place it is known
that histamine is readily oxidized in the body. Best and
McHenry (1929, 1930) have proven that kidney, intestinal and
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blood tissue, and particularly lung tissue, contain a specific
enzyme for histamine destruction. Percival and Scott (19^1)
have also demonstrated that in the presence of serum histamine
is inactivated. Using the rat uterus as a test object, they
found that a dilution of 1:1,000,000 was inhibitory, while a
dilution of 1:10,000 was required in the presence of serum.
Salant and Parkins (1932) have reported a similar situation.
The inhibitory dose of ergotamine (1:30,000) for the isolatea
cat intestine was rendered ineffective in the presence of 20
to 23 per cent blood. Furthermore, under such conditions,
with dilutions of 1:100,000 and 1:200,000, the action was fre-
quently reversed. In the cat and rabbit they also observed
depression of the intestinal movements ex situ, but in situ
the opposite occurred which they likewise inferred to be a
quantitative matter.
Other factors may contribute some influence on the res-
ponse of the uterus in situ, but there is little or no pertinent
evidence concerning such a relationship to the action of
histamine. Dale showed that the systemic reaction bo histamine
was considerably aggravated under ether narcosis. It is general-
ly recognized that drug reactions may be enhanced or depressed
by the presence of the serxim proteins, colloids and lipoids,
and other foreign agents such as ether. (Storm van Leeuwen,
and Szent Gyorgyi 1921, 1922, 1923)* The paper by Salant and
Parkins covered an extensive investigation on the influence of
ions on the action of ergotamine on the intestine of cats.
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,
and rets. They were able to produce a definite modi-
fication, and even reversal, of the ergotamine inhibition by
increasing xhe absolute concentration of calcium, especially
in conjunction with a decided elevation of the H-ion concen-
tration. But one could question the physiological import of
such modifications, since the required alteration of the cal-
cium content of the nutrient solution and the decrease in pH
were beyond the limits normally found in the body. It was
interesting to note thet they also found that the rat intes-
tinal smooth muscle wes relatively less sensitive to the
higher dilution of the drug than that of the rabbit or cat,
and was only slightly affected, if at all, by pH changes until
well beyond neutrality. In regard to the influence of cations
on the rat uterine muscle, Knaus and Clarjc shov^ed that potassimm
increased the rate of conduction, and that calcium produced a
definite loss of tone. Kennedy (1^2^) estimated that doubling
the content of the calcium chloride in the bath medium rapidly
eliminated the tone of the suspenaed muscle; and found that the
Dale modification of Ringer’s solution, in which the percentages
of calcium and potassium are respectively 0.024 per cent and
0.042 per cent, was more satisfactory. It has been previously
mentioned that the normal spontaneous activity in these experif
ments improved on using Einger-Loche solution instead of Tyrode’s
solution, in which the percentage of calcium and potassium are
the same. Heller and Holtz (15^^2) also found that spontaneous
contractions of the immature guinea pig uterus was abolished
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in Tyrode*s, whereas in the modified Ringer-Locke soiutiion the
normal rhythm was maintained. The absolute content of calcium
can be a point of serious concern in experiments on excised
tissue where the choice of the nutrient medium may create a
difference of 100 per cent in calcium as well as modify the Ca:K
ration. In situ however, in the rat, it seems that the fluc-
tuation of serum calcium is never as great as this normally
and seldom approachs such a change even in pathological con-
ditions. According to the figures given in Donaldson* s book
on the rat, the average serum calcium is 11-12 mgm per 100 cc
blood. According to Kramer and Rowland (1^22) the normal
value seemed to be about ingiQ pei' cent. Under very drastic
dietary deficiencies the lowest level obtained by them was 4.^
mgm per cent; while Schelling (1^32) was able to produce hyper-
calcemia ( 19.7 mgm per cent) with very marked pathological
symptoms by continued overdosa.ge with viosterol. In histamine
shock and in Immunological reactions the changes found in the
diffusible calcium and potassium were not comparable to the
&bove figures. La Barre (1^26), unlike Kuschinsky (192^), found
no change in the crlcium level after injections of histamine.
Zimmermann (1931) also claimed that potassium was increased
about 2d per cent. According to Best and McHenry (I931),
these changes may be attributed in some extent to the increased
concentration of the blood. With regard to the influence of
the cations on the action of histamine upon the excised muscle,
it was found that dilutions up to l:l,0UO,0(JU inhibited the
gk * 7^'^- - ©Wali
‘*^
-^ ijiiuiolno cfi #ii<jc ’ta^ 001 to^£!>tt(ft5??^ j5
C p,
-' ' ‘
-
'* •’ r - / . ; ,;
?a»«^a- ^i- V. - gff;^:' i'i' , 'tC‘-<SWflirt ^aria
ijdTr'iavftih el" aiilSkX-3o ^'^os. "^o abii*^
"V^-.
-jfob iPOlsioicriJ^tf^ jt-i .ijov-a/e^^iijaiic'^s djwtrp aricabaci^s iUa‘
^V'*
*'
-Tf
-
-
'
’ ^
.
.^". ,'
-v
'-'' ' «
bQ(S^ i^jioeJblMi^d ni nhvi^ %aJ^6l±^^
'bo boivx'JUi .TTy® $f-£I al ajiit*isc tDLfXoo ^5^/^4¥iS erf;? j^»i i^ib'
j^ei|yoE“#iis'Ji ‘t0c!^t2l </?; nriJ ircoooA
vi^v vi-ftac/ '-re^ xj^^-^^/Cri-^ 'ttro<r4- e^ 66’«?>a
^
' * '
•
’"v
* i.f* aaw tii«wc £ {SUL'S 34i:>tf4xol1.ab
'
.' “,- ,k' * ' • ft t" ' ' . .1^
BsiH- ( S5.^x) 3Vii£forf53VaCi:r.v ; :^^.^c ^-la-f
^#%'- ^ .11
ifc^'^.. X.'iay ?WoJ>^ I,
* o'ijX iii Xjtti/cl: ^tU" aitoXXoasi #iV
»
"
'
X"’* % ^ •' *
^(5? s'XdErt>»ifflco 4011 iiaw lujiuej^^cq. i^a aiiib/^c ^XulEa^li^ '
ii.'j \ ''"- - • i i
'
^
^
'
:-5
.
;
^>al£foa</5 siilnir ,<’OStXi ^r;a€ sut .aerumi^ iv'^Je
v’/i '
'ji*-^ -•*- "
.W5fJ4aa.tBi.xf'o t^i*fC(li5>®f^'iM^^/l^'
‘ii/?,"aX fe’e^erfo o
5«.3$^^xi'iii eB/iai<^l3a»?o<^ fcriaXsXo oRji« tXc^X’) rtuiJoilaa^lSj
' -
"*
1 « * »* » . t> «
Jt CX4^i^ - tij«; j-aerf, b,+ ^^iTlr'^oooA . Xa'^VTSq^^S .»i:;o<
0^ oX tnatXB ^os xrX ad' ^ra aanar/fo i»ja;9rfw
0>-
_
:r; '”5'''^-
-
'**
'
J
i'
Wi^.^64 .{’oo ld srfsf 1to ‘'nioX?^.?ii^Oi20 i>j
'£'peioites.-;^r ^ciltoadaiUto ifoi **X&a idle wXd-
BafbltvXlS
t:i
( 71 )
uterus in Tyrode’s as well as in Ringer-Locke solution. Abel
obtained reversal in Einger-Locke* s while the few instances of
reversal seen here occurred in Tyrode*s solution. Although
the normal automatic activity may have been influenced by the
bath medium, the response to the drug was not noticeably al-
tered by this factor. Concerning the sensitivity of the uterus
in situ to changes in the cation values, which are even less
than that which occurred ex situ, there is no other available
source of information except the behavior of the excised strip.
Since potassium and calcium directly affect the irrita-
bility of nerve, a few investigat ors suggest that changes in
the ion relationship in serum are associated with an alteration
in the nervous mechanism and with the stimulation of non-
striated muscle in anaphylactic shock* (Green and Bonham,
1924, Berthelson and Murdick, 1931 » Zimmermann, 1931* Stoland,
Sherwood, and Woodbury, 1931) • Since the work was carried out
on other species than the rat, this statement includes hista-
mine shock as well.
This point of view would necessitate consideration of
the site of action of histamine and other autonomic drugs.
Ogata (1921) confirmed Gunn and Gunn (1924) and Langley and
Anderson (1893) in that the innervation of the rat uterus is
through the hypogastric nerve and is predominantly inhibitory.
In contradiction to Elliot
,
he believed that the enhanced
reaction to drugs after nerve degeneration in his experiments
was not due to an increased sensitivity of the nerve endings,
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but rather to the altered tone of the horn in which the nerves
were sectioned for comparison with the normal intact horn. Ke
obtained the same results using barium chloride, which acts
directly on the muscle fibre. In the opinion of Knaus and
Clark (1923). who investigated the drug and salt action on the
rat uterus, the behavior of the smooth muscle is dependent upon
the change in the rate of conduction, which they were inclined
to believe was partly or entirely a function of the muscle
fibre. There is no conclusive proof that histamine acts on
nerve endings or even on the hypothetical receptive mechanisms,
favored by Sollman (1922) as the seat of action for most auto-
nomic poisons. The consensus of opinion is that histamine acts
directly on muscle (Best and McHenry, 1931» Cushney, 1928).
The following summary of the situation was obtained from the
monograph on histamine by Feldberg and Schilf (193O):
A relationship of histamine to the autonomic inner-
vation of smooth muscle is not established. It
stimulates where the sympathetic is inhibitory.
Again, in other cases, the effect is the same as
sympathetic stimulation. The so-called vegatative
poisons, as atropin and nicotine, have in most
cases no influence on the course of the histamine
action. Further, histamine is effective on the
foetal smooth muscle before innervation has been
established.
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Therefore it does not seem likely that the difference in res-
ponse of the uterus in vivo and in vitro can be attributed to
variations in the salt balance or to the intact nervous mechan-
ism. Nevertheless the evidence so far obtained points to some
quantitative difference in the effective concentration reaching
the tissue.
The response of the rat uterus to anaphylactic shock is
one of contraction, but it is an extremely weak reaction which
is not elicited constantly either in vivo or in vitro.
Kelloway (1930) found that the uterus responded positively with
more regularity after passive sensitization. Although my
results on the active^and passively sensitized series do not
warrant any exact comparison because of the limited number of
cases and the different antigens used, nevertheless, there was
no indication that passive sensitisation enhanced the uterine
reaction. No conspicuous difference in the type of response
was observed in the intact or excised uterus. The same was
true for the type of response obtained in normal rats, in
adrenalectomized rats, or in raxs with cortical transplants.
However, a higher percentage of positive uterine reactions was
obtained in vivo than in vitro. In the bath experiments the
percentage of positive cases ran about 40 per cent, and no
significant variation in this average between the three types
of rats was noted. In situ, the percentage of positive re-
actions was higher in the operated animals. Yet it was found
that only 60 to 70 per cent of the cases exhibiting shock, as
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judged "by other symptoms, was accompanied hy stimulation of the
uterus. This value for the three types of rats was surprisingly
consistent. The increased susceptibility of the rat without
adrenal medulla to anaphylaxis was quite obvious. Vi/hen the
blood pressure was recorded as a source of information the
positive reactions in the three groups of rats closely ap-
proached 100 per cent. This particular manifestation, never-
theless, better illustrated the difference in sensitivity.
In the operated shocked rats recovery frequently failed to
set in or was prolonged and only partial, in contrast to the
normal shocked rats v;here recovery was rapid and complete.
There was no instance of lethal shock in the 1^ normal rats
tested for anaphylaxis.
The increased susceptibility of the rat to anaphylaxis
after the loss of the adrenal medulla appears to be due to the
irrecoverable circulatory collapse, from the fact that the
response of the excised tissue did not show this same differ-
ence in sensitivity. On the other hand, in situ, the higher
percentage of positive cases in rats suffering from the loss
of the adrenal medulla was accompanied by a proportionate rise
in positive uterine reactions. This finding would be inter-
preted by many as indicating that a higher degree of sensiti-
zation was possible in the operated animal since all tissues
seem to be involved in the process. According to the theory
of the cellular site of the anaphylactic reaction, the immediate
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response is brought about by an interaction of antigen in or
on the sensitized cell, and not as a secondary effect from a
disturbance elsewhere in the body. If these conditions held
absolutely, the response of the uterus should have been an
entirely independent reaction, and if such were the case one
would not anticipate a difference in the sensitivity of the
organ in vivo and in vitro. If a higher degree of sensitiza-
tion had been procured in the operated rats, the excised
uterus should have reflected this difference, not only in an
increased number of positive reactions but also in the mag-
nitude of the reaction. For this reason one is led to believe
that the increased number exhibiting shock in these two groups
is governed to some degree by the loss of a protective
mechanism against shock. Fairly conclusive evidence for this
view has been produced by Flashman (1923) and Vl/yman ( 1 ^ 2
9
)
who found that in the rat the increased susceptibility to
anaphylaxis was quite independent of the process of sensitiza-
tion; for in rets sensitized before operation and receiving
the test dose of serum after removal of the adrenal glands,
the number and severity of the positive cases increased.
Secondly, the present series, which included blood pressure
determinations, also illustrated the fact that the initial,
major fall in pressure was practically as great in the
operated as in the unoperated cases; that is, the extent of
the fall in mm. correlated vith the initial height of the
blood pressure rather than with the low level finally attained.
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This &gein seems to imply that an inadequate defense mechanism
is a reasonable explanation for the visible manifestations of
shock in adrenalect omized rats.
Such an interpretation of the results of this study are
obviously in harmony with the idea that the modification of
the resistance of the rat to anaphylactic shock parallels the
similar situation in regard to drugs and poisons. In all these
conditions such a change hes been attributed to a. defective
defense mechanism (V/yman, 1929; Crivellari, 1926; Scott, 1^24;
Lewis, 1923 ). As Wyman (1929) showed, this inadequacy is
apparently due, at least in the case of histamine, to the loss
of the medulla and not the cortex of xhe adrenal glands. The
close resemblance in pathological and outvmrd manifestations
between histamine and anaphylactic shock strongly suggests
that histamine liberation plays an important part in the ana-
phylactic symptoms of the rat.
The reactions of the dog and the rat to both these con-
ditions are very much alike and certain immunological peculiari-
ties are common to both species as well (Opie 192'*t-). Manwaring
has demonstrated in the dog that the liberation or formation
of a toxic depressor substance is for the major part respon-
sible for the clinical syndrome. 'The work of Lragstedt and
Gebauer-Feulnegg also indicated the formation of histamine in
the dog and very recently they have been able to produce even
stronger evidence of the nature of this toxic agent obtained
from the thoracic lymph or vena caval blood (Ifov. 1932 ). This
Ii
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sutstence, though not as yet isolated in pure crystalline form,
has teen found to give many specific reactions identical with
that of histamine: namely, lov/ering of the blood pressure in
the etherized, atropinized cat; contraction of the isolated
guinea pig smooth muscle; relaxation of the mouse uterine
muscle; positive wheal formation in the human skin. Chemi-
cally, it is basic, thermolabile
,
inactivated by diazolized
sulphanilic acid, and is a crystalloid of relatively small
molecular size, which is not specific immunologicp.liy . This
evidence is exceedingly strong for the support of the theory
that histamine plays an active part in the manifestation of
anaphylactic shock, but it is only strictly applicable to the
case of the dog. Objections could be raised on the ground of
species variations if one claimed that the evidence wa^s suf-
ficient for the rat. However, it can be inferred from the
similarity of the reaction of the dog and of the rat to ana-
phylaxis and hisbamine shock, in which the major symptoms in
both species is one of increased capillary permeability and
circulatory collapse, that somewhat the same coarse of events
may take place. In the matter of species variation in these
two conditions, the dog is more susceptible than the rat.
However, after double adrenalect cmy in the rat one finds that
the resistance to Loth is equally lowered. Another peculiarity
of the rat, which is found in no other species except the
mouse, is the inhibitory influence of histemiine on the isolated
uterus. This fact has been emphasized as an important differ-
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ential point between anaphylactic shocic and histaoLiue ahoc^.
As far as one can ascertain from the literature this reaction
has been studied only with the excised muscle, and the majority
of investigators have used fairly high concentrations of the
drug. Only Voegtlin and Dj?er obtained inhibition with com-
paratively small dosages, and no others have been able
absolutely to confirm them in these high dilutions. Few
attempts if any, except that of Katze, ha^vt been directed to
an inquiry into the reversal of the histamine action on the
rat uterus obtained by Abel. In this problem the reaction of
the rat uterus to intravenous injections of histamine was ob-
served, and it was found that irdiibition such as observed in
the bath, did not occur. The muscle appeared relatively little
affected by the drug, althoagh a mild delayed stimulation, was
most likely due to the amine; the immediate previous, transient,
cessation of the normal activity could not be definitely
attributed to a direct action of the drug on the muscle. The
striking feature of the uterine reaction, however, was that
it closely resembled that obtained in anaphylactic shock in
situ. Moreover this resemblance extended as well to the
systemic disturbances, v/ith one difference, namely that the
decline in blood pressure was considerably slovt/er in onset
and in duration of the fall than that obtained by an intra-
venous injection of the drug. Obviously this point demon-
strates a very definite time factor required for the production
of the depressor substance. Practically coincident with the
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fall of blood pressure was the response of the uterus.
Reynolds, Weinstein et al. (1931) observed this same delay in
the uterine response to anaphi^iaxis in the ujianaesthetized rabbit*
In view of what has been obtained here, it appears that
the results tend to support the idea that the powerful inhibi-
tion produced by histamine in the rat uterus suspended in the
bath is not a true picture of its effect in situ. Therefore
the response of the excised uterus to histamine has less sig-
nificance as a differential point in the discussion of the
relation of histamine to anaphylaxis. The results are more
in accord with Dale*s opinion, which is as follows:
”We may picture the anaphylactic shock, therefore,
as the result of cellular injury, due to the intra-
cellular reaction of the antigen with an aggregating
antibody. Whether this is general, or localised
in a particular organ, histamine will be released,
and its effects will be prominent in the resulting
reaction, imposing a general resemblance to the
syndrome produced by histamine itself, on rne
symptoms seen in each species. The cell injury
however, is not limited to the degree reijuired to
produce a release of histamine and involves other
and more direct results. Such a conception is in
accordance with all the facts as yet available,
and it has the advantage of rendering intelligible,
not only the striking resemblance between symptoms
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of the anaphylactic reaction and those produced
hy injecting histamine, but also the various and
equally significant points of difference between
the two syndromes.”
SUMMARY
1, Histamine depresses in the rat the spontaneous activity
of the uterus in vitro, in dilutions of at least up to
1 : 1
,
000
,
000 .
2. Intravenous injections of histamine, from 0.05 mgni. to
5.0 mgm. per 100 gms . tody weight, do not produce inhibi-
tion in situ similar to that seen with the excised
muscle, but appears to cause a mild stimulation of tone
and rate
.
5. The response of the rat uterus tc anaphylactic shocic in
vivo and in vitro is one of mildly increased activity.
4. The predominant reaction in anaphylactic shoclc and in his-
tamine Shock in the ret is the fall in blood pressure.
5. Double adrenalectomy or medulli -adrenalectomy decreases
the resistance of the rat to both types of shock, however,
without appreciably altering the reactivity of the uterine
muscle
,
6. The similarity between the systemic reactions, as well as
between the uterine reactions in situ, of the rat to his-
tamine and in anaphylactic shock indicates that the evidence
against the liberation of histamine in anaphylaxis, based
on the difference in the response af the excised uterus to
both these conditions, is not conclusive.
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PLATE I
Fi,rare 1.
X- Norme-l
,
sensitized female. Oestrus Hi. Response of the
uterus in vitro to the shocking dose of 1 cc horse serum.
Y- Same preparation. Response of the uterus to a subsequent
dose of 1 cc horse serum, illustrating desensitization.
Z- Response of the excised uterus from a normal, ncn-sensitized
rat to histamine, 1:2^0,000.
Y- Same preparation, histamine 1:123»OOG.
W- Same preparation as in X and. Y. Response of the excised
uterus to histamine, l:l,uCu,00U.
Figrre 2.
X- Sensitized fenale, with cortical transplants. Oestrus II.
Response of the uterus in vitro to shocking dose of 0.^ og
of horse serum.
Y- Same preparation. Response of the uterus to a subsequent
dose of horse serum. 1 cc., illustrating desensitization.
Z- Same preparation. Response of the uterus to histamine,
1:400,000.
Figure 3
.
i- Sensitized, doubly adrenal ectomized female. Oestrus IV.
Response of the uterus in vitro to shocking dose of horse
serum, 1 cc.
Y- Same preparation. Response of the uterus to a subsequent
dose of horse semm, 1 cc, illustKting desensitization.
Z- Response of the uterus to histamine, 1:400,000, from a
non-sensitized
,
doubly adrenalect omized female.
In all the figures time is recorded in ^ second intervals, and
the specimens suspended in Ringer-Locke solution.
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PLATE II
Figure I.
Response of the excised uterus from a young rat to his-
tamine, 1:1,000,000, illustrating a slight stimulating
influence of histamine in small doses. Tyrode's solution.
Time, 3 sec. intervals.
Figure II.
§&me preparation as in Fig. I. The effect of histamine,
1:^0,000, after adrenalin, 1:1,300,000. Time, 3 sec.
intervals
.
Figure III.
Non-sensit ized
,
doubly adrenalect omizcd
,
4 months old
female rat. Response of the uterus in situ to direct
application of histamine, 1:10,000. Time, 3 sec. intervals.
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PLATE III
Fig. 1.
Normsl, female rat, sensitized to horse serum 12 days
previously. Wt
. ,
226 gm. ; oestrus, IV. A, shocloing dose,
1 CO horse serum; intravenous. injection at S. B, test for
desensitization, injection repeated at S.
Fig. 2.
Female rat with cortical transplants, sensitized 1^ days
previously. Wt
. ,
240 gm. ; oestrus II. A, normal curve.
B, shocking dose, 1 cc horse serum; intravenous injection
at S. C, test for desensit igation, injection repeated st
S. Interval "between B and C, 20 minutes.
Fig.
Doubly adrenalectomized rat, sensitized to horse serum,
10 days previously. Wt
. , 213 gm- ; oestrus, II. A,
shocking dose, 1 cc horse serum; intravenous injection
at S. B, test for desensitization, injection repeated,
interval between A and B, 30 minutes.
In all figures and in all the subsequent plates, time is
recorded in 3 second intervals. From above down, the
graphs record, blood pressure, time, injection signal,
uterine activity and respiration.
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PLATi: IV
Fig. 1.
Hormal, female rat, sensitized 3 da^s previously by intra-
peritoneal injection of 1 cc rabbit -anti -ovalbumin serum.
Vvt
. ,
IBO gm; oestrus I. A, normal curve. E, shocking dose,
intravenous injection of 0.04 cc 3 per cent crystalline
ovalbumin at 0. C, 20 minutes after B.
Fig. 2.
Normal, non-sensitized female rat. Wt
.
,
200 gm; oestrus V.
A, normal curve. B, intravenous injections of 0.2 cc 3 pei*
cent crystalline ovalbumin at 0. C, intravenous injection
of 0.4 cc 3 per cent crystalline ovalbumin.
Fig. 3.
Female rat with cortical transplants, sensitized 4 days
previously by intraperitoneal injection of 0.3 cc rabbit
anti -ovalbumin serum. Wt . 203 oestrus, II. A, normal
curve. B, shocking dose at 0, intravenous injection of
1 cc 1 per cent crystalline ovalbumin. C, sfter o minutes.
D, after 8 minutes. E, efter 26 minutes. F, after 26
minutes, desensitization test, intravenous injection of
0.3 cc 1 per cent crystalline ovalbumin.
Fig. 4.
Doubly adrenalectomized
,
female rat, sensitized 3 days
previously by intraperitoneal injection of 1 cc rabbit
anti -ovalbumin serum. \«t . 190 gm; oestrus, III. A,
shocking dose at 0, intravenous injection of 0.4 cc 3
per cent crystalline ovalbumin. B, after 33 minutes,
desensitization test, injections repeated.
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PLATE V
Fi^. 1.
Doubly adrenalectomized
,
female rat, sensitized I3 days
previously. Wt
.
,
200 gm; oestrus I. A, normal curve, at
E, application of 1:10,000 adrenalin to oozing neck incision.
B, shoclcing dose at S, intravenous injection of 1 cc horse
serum. C, 44 minutes later, death.
Fig. 2.
Doubly adrenalectomized, non-sensitized, female rat. Wt
.
,
210 gm; oestrus III. A, normal curve. B, at S, intravenous
injection of 1 cc horse serum.
Fig. 3.
Doubly adrenalectomized, female rat. Wt
. , 243 oestrus
I. At H, intravenous injection of histamine, 0.1 mgm. per
100 gm.
Fig. 4.
Normal, female rat. Vi/t
. , 193 gni; oestrus II. A, at H,
intravenous injection of histamine, 0.2 mgm. per 100 gm.
B, at N, induction o:^ amyl nitrite.
Fig. 3.
Normal, non-sensitized
,
female rat. Wt
.
,
190 gm; oestrus
II. A, at H, intravenous injection of histamine, O.3 mgm
per 100 gms. B, at S, intravenous injection of 1 cc horse
serum.
Fig. 6.
Female rat with cortical transplants. Wt
.
,
I93 gm; oestrus
II • At H, intravenous injection of histamine, 0.1 mg'm. per
100 gm.
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PLATE VI
Normal female rat. Wt
.
192 gm; oestrus V, At V and at W,
stimulation of the right vag>is nerve.
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(i)
iiPPEKDIX
A complete historical reviev/ on the matter of toxic and
lethal doses of drugs and poisons for the rat v/ould involve a
search of the literature, covering every conceivahle phase of
pharmacological and physiological research on this and related
subjects. For this reason the materiel compiled by Sollman in
the chapter on ‘'Animal Dosage" in his text (1928) v/as used as
a basis for the present review. His list contains about 400
drugs, of Y/hlch only 52 have been tested in the rat. A list,
wherein the toxic or fatal doses for tats and other animals
could be directly compared, is given in table I. From this it
is apparent that about one half of the instances suggesting
tolerance in the rat belong to the group of digitalis
glucosides. The remainder include atropin, histamine, ars-
phenamine, conium, guanidine, yatren, strychnine and ephedrine.
The decidedly lower resistance of trie rat to epinephrine is an
interesting feature.
iilthough the list is limited, it indicates that there is
some ground for the current opinion that the rat is an ex-
tremely tolerant animal,^ topping the list of species in nearly
every case, but in only a few instances differing v/idely in
tolerance from other anim.als in the matter of dosage. The
mouse, a close relative of the rat, shows a similar behavior;
hence a comparison of the two should be discomited. It may be
noted at this point that Gunn (1925) states that the minimal
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lethal dose of heavy metals, quinine, phenol, etc., is corimion-
ly accepted as about the same for all animals.
According to riausmann (1907) the earliest axiom in medi-
cine is that of acquired tolerance to dru£^s in man and animals.
This statement may be possible extended to include congenital
tolerance. Vjlthout doubt one of the earliest experiments
demonstrating the natural resistance of the rat was performed
in 1856, when Vulpian (according to Sollman, 1928, reference
not given), sho'.ved that the rat as well as the toad was ex-
tremely insensitive to the digitalis poisons, uiccording to
Gunn (1925), Vulpian was the first to investigate the reaction
of the toad to its avn venom. He concluded that the venom was
similar in action to digitalis, to which the toad was equally
immune. From this time on, these and related problems were
frequently pursued, and it was established t:iat the same re-
lationship held for the other members of the digitalis group
(squill, strophanthin, ouabalne.) In 1909 Hatcher, in his
study on the excretion and destruction of strophanthin, said
that the rat was known to be nearly 1000 times as tolerant as
the dog. In 1909 he ascertained the ..*.L.D. for ouabalne to
be more than 100 mgm. per kilo of rat. In 1915 Gunn confirmed
these findings and determined the fatal dose (subcutaneous).
The rat required 50 times the rabbit dose, and this same
difference obtained in the concentration necessary to arrest
the isolated hearts of the two species. For this reason he
concluded that the rat heart tissue itself was relatively in-

susceptible to the action of the glucosid.es
.
The use of belladonna for its mydriatic and poisonous
effects is recorded by historians on the Rennaissance
,
but
they made no comment on the discover^'' that rabbits could eat
the greens of this plant v/ith impunity. Yet this circum-
stance led to experiments of this nature (Heckel, 1875), and
is in some measure responsible for the rabbit's reputation
for tolerance to atropin. Richet in 1895 stated tiiat the rat,
v/hlch could withstand a dose of 1.0 gm. of atropin sulphate,
should be classed with the rabbit. In 1912 Clark, studying
the factors determining tolerance, found that the subcutaneous
L.L.D. for the rat varied with age, being about 0.5 gm-kilo
in the young and 1.0 gm per. kilo in the adult. He pointed out
that this change with age would account for the discrepancies
in the different dosages reported. V/illberg (1914), upon re-
investigating the subject in several species, found that the
rat and fowl were the most resistant, the average Li.L.D. for
the rat being 0.75 gm-kilo while that for the rabbit v/as 0.5 gra
per kilo. Sollman, even later (1928), still lists the fatal
dose in his text as 2.5 gm per kilo. Voegtlin and Dyer (1925)
commenting on willberg's flg-ures decided that the differences
bet’ween the various species were not significant of unusual
resistance in the rat. From their study of rat resistance
they concluded that tolerance was only evidenced to those
drugs which acted upon the smooth muscle or capillary endo-
thelium, and not to those acting primarily on the nervous

tissue, e.g. morphine, strychnine, atropin, etc.
Ephedrine, an alkaloid obtained from the Chinese plant.
La Huang, has recently clairr.ed attention in therapeutics. It
seems that K. K. Chen is the only investigator who has made ai:iy
study of its comparative toxicity, which is quite lov/ for most
animals. The L.L.D.
,
in milligrams per kilo, he found to be as
follov/s: frog, 5o0; mouse, 200; rat 140; rabbit, 66; cat, 75;
dog, 75. Of the warm blooded animals, the mouse and the rat
head the series but the required dose in only twice that for
the others, which is not a significant variation. According
to Chen, the figures indicate rather an "interesting” suscept-
ibility in the rabbit.
In all the research done on guanidine, since lioch in 1912
pointed out the similarity between guanidine poisoning and
parathyroid tetany, and Paton and Findlay’s extensive work
elaborated this suggestion in 1917, only one paper was found
which contained some information about the comparative toxic-
ity of this drug. The figures given by ILlinger (1921) for the
L.L.D. for rats and cats by intraperitoneal injections in
grams per kilo, were respectively 0.15-015 and 0.1-0. 2. The
cat dose given by Sollman, 0.01-0.02 gm, is undoubtedly a
typographical error since he referred to Hlinger as the source
of his information.
In 1864 Claude Bernard compared the narcotic power of
morphine and allied alkaloids in many of the common laboratory
animals, .-ilthou^^ he stated that the rat was most easy to
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narcotize, no reference to susceptibility of the different
animals could be discovered in his paper. In ’.Vood's textbook,
"hateria Ledica and Toxicology" (1880), the past literature on
the physiological action of morphine in different animals v/as
surveyed. In 13ie opinion cf this author the size of an effective
dose correlated with the development of the cerebral organ-
ization, man and frogs occupying the extremes of the series,
v.'ith every gradation in between. This would indicate that so
"’ar no true case of congenital tolerance had been encountered,
although deir *..itchell in 1868 claimed that birds were highly
resistant. In S oilman’s latest text (1931), man is said to be
as sensitive as the cat and the dog; the rat, 15 times as
resistant as nan; goats, pigs, rabbits and guinea pigs about
100 times as resistant, ixccording to the discussion in Oit-
chen’s text, goats and pigs are almost limnune, and the follow-
ing fatal hypodermic doses were given in grams per kilo; cat,
0.04; horse, 0.007; cattle, 0.015; dog, 0.12; rabbit, 0.35;
guinea pig 0.4; and rat and mouse 0.4. Hunt, in 1908, in his
v/ork on the effect of restricted diet on drug tolerance, ob-
tained the follov/lng: rat 0.20-0.42 gm-kllo; m.ice 0.18-0.45
gm-kilo; guinea pig 0.6-0.75 gm-kllo. This v;ork is frequently
referred to. It is also interestir.g to note in relation to
this subject that he remarked that it is "folly" to determine
fatal doses very accurately, for as his work shov;ed, suscept-
ibility can be markedly altered by diet in addition to the
individual variation so often met with. It is evident from
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the figures given that mo marked tolerance to morphine is ex-
hibited by the rat. i^s for papaverine. Wood stated that all
mammals tolerate fairly large doses.
Schwarze ’ 3 use of the term "remar liable resistance" of the
rat in regard to strychnine suggests tliat previous to his work
others have entertained such a conception. Using the method
of Hatcher and Eggleston (1917), he estimated that 20.8 percent
to 00.3 percent of this drug was eliminated within the first
hour. Consequently, this rapid e^'cretion accounted for the
ability of the rat to tolerate consecutive injections of
strychnine. Hatcher and Eggleston had previously shov/n that
that the guinea pig eliminated from 18 percent to 57 percent
per hour; while the highest rate obtained for the rat and dog
were respectively 25 percent and 19 percent. These facts are
in harmony with the subcutaneous minimal lethal dosage as
given by Schwarze; cat, 0.32; dog, 0.38; rabbit, 0.4; guinea
pig,3.4; rat, 2.3; mouse. 0.78; (all mgm. per kilo gram body
weight). Schwarze also demonstrated that the young of most
species are more resistant to this drug immediately after
birth. This tolerance gradually diminished and finally
reached a level at maturity, but in the case of rats and
guinea pigs, after an initial decline, tolerance was re-
acquired and remained at a high level. Since the rat and
guinea pig lethal dose is about 10 times that for other
species, some degree of tolerance may be attributed to them.
The extensive use of arsenical s in splrochaete and
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trypanosome infections has led to considerable study of the
comparative toxicities of arsenic a rd its numerous organic
derivatives. There are only a few instances where the figures
for the fatal dose for different animals can be compared. Even
in those cases v/here the same technique ard procedure has been
em.ployed, disagreements occur. For exairple, in Sollman’s text
the lethal dose by vein for a rabbit of a 5 percent solution
of arsphenamlne, is given as 0.004 gm. per kilo whereas
Gitchens quotes the dose as 0.112 per 0.125 gm. per kilo by
the same method. Kochmann stated (1915) that 0.2 gm. per kilo
was fatal. Hov/ever, the concentration was not given by the
latter author, ^j-ccording to Gitchens, there is much con-
fusion about the relative toxicities of die arsenicals, v/hich
is due to many factors, such as marked Individual variation,
speed of Injection, concentration of the substance, allied
toxic products, and viscosity changes. Heyl (1925) stated
that, owing to the instability of the preparation, impurities
developed on storage and were responsible for the variations
in the toxicity of different batches of arsphenamlne and the
derivatives. Voegtlin and Leonard (1925) showed, furthermore,
that the toxicity factor paralleled thie viscosity changes,
which developed on ageing. The Ll.L.D, for rats varied from
4 mgm. to 20 mgm. per kilo under these circumstances. In
1925 they also showed that there v/as a great difference among
the various orgardc arsenic canpounds, especially trivalent
and pentavalent, for where 1000 mgm. of tryi^arsamld would be
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necessary to kill a rabbit, only 20 mgm. of arsenozlde v/as
needed. Figures for the rat and rabbit obtained from
their papers were as follows: rat, 10 cc. of 0.1 LI. arsenox-
ide per kilo; rabbit, 1 cc. of 0.1 L. . arsenordLde per kilo.
They claimed that there was no important species difference
in the matter of toxicity, .iccording to Vlillberg (1913) this
is also true of tlie inorganic arsenic compounds when given
subcutaneously or intravenously
On the latter subject, Schwarz (1922) and liammett and
ilowry (1922) have obtained some interesting data from their
study of arsenic poisoning in rats. The L*.L.D. of potassium
arsenite in mgm. per kilo v/ere as follows: rabbit, 10, guinea
pig, 9, dog 7, rat, 5 to 6, mouse, 15. Since the latter
authors were able to dem.onstrate a difference in the fatal
subcutaneous dose for young and adult rats (11 mgm. and 8
mgm. per kilo respectively, of a 0.2 percent solution of
potassium arsenite), they believed that the change was due
to a difference in the metabolic rate in the old and in the
young animal. They estimated that the rat is 2.4 times as
tolerant as man, and further that the metabolic rate in the
rat, determined by the urinary nitrogen excretion, exceeded
that of man proportionately, all of which, taken together
with the other findings, nicely supported their contention.
In 1923 Schwarze discussed the reason for much of the
prevailing confusion on the relative^ toxicity of arsenic in
man and animals in his paper entitled, "So-called Habituation
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to ii.rsenic‘'. In the first place he demonstrated that habit-
uation did not obtain in animals, cor^firmin^ the negative re-
sults of Brouardel (1S97) and horishima (1900). The more recent
v/ork of Sollman (1921) supported this fact, for he found that
vei^’’ small doses of arsenic were not beneficial to rats, the
decrease in growth rate indicating chronic intoxication.
Another reason why animals and mnn are able to survive
large or increasing amount of orally administered arsenic,
i.s. arsenic oxide, according to Schwarze, is not species
tolerance but the physical state of the substance given, name-
ly the size and ease of solubility of the particles Ingested.
He found that there was more variation between species with
orally administered solution, as the oxide, tlxin witli the
subcutaneously or intravenously administered doses; and that
with undissolved particles the differences were greatly in-
creased as well as the size of the fatal dose. In fowls he
found a slight exception to the rule, for here large particles
were subjected to grinding in the gizzard. Consequently the
increase in the fatal dose did not run parallel to the in-
creasing size of the particles. For the rat 75 mgm. per kilo
of dissolved ^xsO was fatal as compared to 15 mgm for the rabbit.
If the substance was given undissolved, the rat then ?''equlrGd
500 mgm aiid. the rabbit 200 mgm.
From the above discussion it would seem that the rat and
mouse fatal doses are the highest for the mammalian series and
may indicate a slight degree of tolerance, contrary'- to the
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opinion of Voe^tlin and Dyen.
In connection with, the above necumd;, the peculiarities of
the rat with respect to the hormones, parathyroid extract and
pituitrin, should be nientloned. In 1926 Greenwald and Gross
stated that the rat and rabbit tolerated phenomenal over-
dosages of parathyroid extract. They attributed this ability
to an effective excretory mechanism for calcium. B^Jirns (1927)
confirmed this fact in a measure, for he found that there was
no retardation of body or bone growth after prolonged feeding
with the extract.
As regards pituitrin, both Voegtlin and D^^er (1925) and
Ilnaus and Clark (1925‘) found that the uterine muscle strip of
the rat was much less sensitive than that of other animals.
Knaus (1925) stated that it took a concentration of 1:1,000,000
of fresh pituitary extract to obtain a visible contraction of
the rat isolated uterus, v;hereas a concentration of 1:10,000,000
produced a marked effect on the guinea pig muscle. In one record
published, a concentration of 1:250,000 did not show a verj
pronounced response. Voegtlin and Dyer stated that a concen-
tration of 1:50,000 pituitrin tartrate or standard pituitary
was necessary to elicit a good contraction, whereas Smith and
IvicKloskey had conclusively shown that a dilution of 1:2,000,000
to 1:10,000,000 was effective on the uterine strips of other
species. Voegtlin and Dyer also obtained relaxation of the
isolated jejunum of the rat with a concentration of 1:50,000 of
the same preparation instead of contraction, which is the usual
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action seen in other animals.
The data on histamine and various t;rpes of shock for the
rat are included in the main body of this paper.
Bacterial Toxins and Licrooryanisms . The pathenogenesi s of
the various microorganisms for the lov/er animals is briefly
discussed in all texts on bacteriology, from v/hich one may
readily note that the rat, as a general rule, falls into the
insusceptible or relatively insusceptible group. Compara-
tively speaking, the broad statem.ent that the rat is resist-
ant to most organisms (Binsser) is true, for the rat is more
or less immune to infections v/ith such organ! sm.s as
staphylococcus, pneumococcus, glanders bacillus anthrax
bacillus, tubercle bacillus (avian and bo'/ine) and diphtheria
bacillus, all of v/hich can be transmitted to or produced in
other laboratory animials . The immunity of the rat to anthrax
was renorted by Von Behring in 1881. Steinbach (1932)
credits Colin (1873) as being the first to disclose the similar
behavior of the rat to tuberculosis. Subsequently he v;as con-
firmed by many others, (Ivoch, 1894; Straus, 1895; Gal 11-Valerlo,
1917; Glyne and Page, 1929; Boquet and hagee, 1921; Goldenberg,
1929; Ornstein and Steinbach, 1925), The striking immunity
of the rat to diphtheria toxin has been recognized for many
years. In 1921, Coca, Baughman and Russell were able to show
that the fatal dose of diphtheria toxin for the rat was 4000
guinea pig Ll.L.D.s. Apparently up to this time the general
opinion was that, since the rat survived at least 100 guinea
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pig IvI.L.D.s, it would not succumb to the toxin. Although
there is probably more species specificity and variation in
the susceptibility of animals to bacterial invasion than to
the toxicity of drugs, the data on the rat indicate a more
consistent, exceptional behavior than is the case with the
average laboratory animals.
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Table i.
Data from Sollman’s Experimental Pharmacology, Animal Dosage,
Comparative M.L.D.s for Rat and Other Species.
Drug Animal Route Ll.L.D. gm or raj
per kilogram,
Amytal rat hypoder
.
0.1 gm
rabbit It 0.11 gm
Benzyl Alcohol cat & mouse II 1.0 cc
guinea pig It 1-2.5 cc
rat It 1-3.0 cc
iirsphenamine rat vein 0.1 gm
rabbit II 0 . 004 gm
dog II 0.01-0.02 gm
Lon or disodium rat 11 0 . 1 gm
Arsphenamine rabbit II 0.1 gm
Sodiini Barbital rat a nd cat hypoder. 0.3-0.35 gm
rabbi
t
11 0.4 gm
dog II 0.45 gm
Barium Chloride rat, rabbit Gastric 0.35-0.5 gm
cat, dog ti 0.09 gm
C oniura rat hypoder. 40.0 gm
guinea pig 11 0.5 gm
Convalleria rat It 32.0 gm
guinea pig It 0.08 gm
frog II 0.18 gm
Diethylparaphenylene- rat II 0.1 gm
diamine rabbit
guinea pig
0.25 gm
0.2 gm
Dimethylparaphenylene- rat II 0.05 gm
diamine rabbit II 0.06 gm
guinea pig II 0.1 gm
Digitalis rat
rabbit
cat
dog
see text.
Ephedrine sulphate rat vein 0.135-0.14 gm
rabbit , cat , dog 11 0.066-0.07 gm
mouse II 0.16-0.2 gm
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Epineohr ine rat
dog
cat
rabbit
guinea
Gelsenium rat
guinea
Guanidine sulphate rat
cat
vein 0.005-0.05 mgm
” 0.1-0.25 mgrn
" 0. 5-0.8 mgm
" 0.2-0. 6 mgm
pig *' 0.1-0. 2 mgm
hvpoder. 2.2 gm.
pig " 1.75 gm
0.15-0,2 gm.
0.02- gm
Helleborus niger
Histam.ine
pat
frog
guinea pig
hvpoder.
tt
20.0 gm
0.5 gm
0.2 gm
rat
mouse
rabbit
hynoder. 0.9 gm
"" 0.75 gm
•' 0.001-0.002 gm
Magnesium sulphate rat tolerates intraperitoneal injections
of 5 cc 1 percent sol. per hour
Morphine HCl or SO^ rat
^ cat
dog
guinea pig
rabbit
mouse
Ouabain (g-strophanthin)rat
rabbi
t
cat
deg
Papaverine rat
pigguinea
Rivanol rat
mous e
Scilla rat
gulnda
frog
pig
Strophanthin rat
rabbit
Strychnine rat
guinea
rabbit
dog
cat
mous e
fowl
pig
hyp Oder . 0.42 gm
It 0.04-0.08 gm
ti 0.04 gm
V. 0.7 gm
tt 0.2-0.52 gm
tt 0.6 gm
vein 100 times cat (Hatch
It 0.2 mgm
ti 0.1 mgm
tt 0.125-0.165 mgm
hypOder . 0.5 gm symptoms only
tt 0.1-0. 2 gm ”
"
vein 40.0-45.0 mgm
tt 17.0-55.0mgm
hypOder . 20.0 gms
tt 0.4 gm
ti 0.6 gm
see teatt*
hypOder . 5. 0-5. 5 mgm
tt 5. 0-4. 4 mgm
tt 0.5 -0.6 m.gm
tt 0,5-0.42 mgm
tt 0.5-0.42 mgm
tt 0.76-2.0 mgm
tt 2.0 mgm
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Uraniiam salts rat hyp Oder . 0.41 rngm
dog II 1.66 ingm
cat 0.41 1! 0,41 rngm
rabbits II 0.83 rngm
birds II 40.0-44.0 rngm
Yatren rat — _ 0.6 gm
rabbit __ 0.4 gm
cat 0.36 gm
mouse -- 0.63 gm
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